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t‘le present rapid growth of the electronic design revolution
is being fueled by the microprocessor/microcomputer. As one
of the industry leaders, Signetics gives new impetus to ad-
vancing the state-of-the-art with its technological strength,
product depth and manufacturing know-how. We continue to
develop all aspects of the microprocessor/microcomputer
area, simultaneously providing products, ready-to-use train-
ing, software and development tools that help you to under-
stand and apply Signetics advanced products.

This Microprocessor Data Manual will enable you to examine
Signetics complete line of Bipolar and MOS Microprocessors,
as well as a full line of support products. Each data sheet fully
explains the operation of each product and contains applica-
tion hints on how to best utilize the products’ design advan-
tages.

You will also find avariety of development systems, education-
al products, prototyping kits and software for both bipolar and
MOS. And with a team of field application engineers through-
out the country you will find that Signetics can provide you
with the answer to your design problems.

We offer one of the broadest selections available of both
bipolarand MOS microprocessor/microcomputers. Combined
with our complete line of logic, analog, bipolar and MOS
memories, a design engineer can select one source that will
provide him with the best possible, cost effective solution to his
design problems.

This book contains a compilation of all products currently
available. Signetics is continuously developing new products.
As you see new product announcements, you should contact
your local Signetics sales office, representative or authorized
distributor or write Signetics directly at 811 East Arques
Avenue, Sunnyvale, California, 94086, for the latest technical
information.

Silnotics



Sinotics



TABLE OFf CONTENTS

INMOAUCHON' +.ov o «ccosuminy v v soaimmmnire & & 5 wmin s o & @ aaramEs ¥ s ¥k s & ¥ 8T s & § & ¥ 3RS § 8 &R es v ¢ s & Smweress % & a6 e 3
Chapter 1 BIPOLAR MICROPROCESSORS, PERIPHERALS AND DEVELOPMENT PRODUCTS ............ 7
Microprocessors
Bit Slice Family INtrodUCHION ... .. e ettt e e e 9
8X02 Contro] ‘Store: SEUUBTIEET s ¢ s sommine 5 5 sammss s § SEBTETE § 8 SEEE054 5§ SRASaES & & CURREHE S 5 6 SRPEETSSE § 5§ Pemmhs 10
2901-1 Microprocessor Control Processing EIOMENt’ ::uiumsas s ssammme v oo s a5 s imanein s s o ¢ o simssosaions s o ¢ asiwpmioss 16
Series 3000 INEFOAUCHON . . oo v o o wsnmonn s s mimsmmmino s s « womsszssn « s *Caianenes o s s v 4 pomeriens: « o s @csaNvEsssLoL s & & a » whersaiesmioses » o o 8 ssaiogaiosn 25
A Guide to the Selection of Support Components for Signetics

Bit SHEe MICFOPTOCESSOME  wureviw s v « u umncn v » sraosromons o o wwevsensveiis & o s Waosgesin s & § FIFeveess & 5« s SPpsaina s « ¢ 55 Sowemmigs § 8 ¢ 3 Souemss 28
S/N3001 Microprogram CONIION LIFTIE .« v o smveimse o o % s wmssme o o 3 ammsetes & s 4 3 Srovine 5 § & 8 Srmsasae 5 o ¢ 88 oo s & 5 § 3 s Suger 32
S/NB002 Central ProcessING EISTEIT urw s« s wommmrn s s 5 swsmrerscs o 5 3 pratnssrn 8 § 4,5 stagesss £ s § oSy v o 5 § § Fohemed £ s 3 5 e 40
Introduction; to the Bipolar Fixed InStruction MiCTOPIrOCESSOT . ; swwwss s o sisisims £ 85 s siueros s o 8 s 8 siommmstos & s o & & wiaiazss 49
8X300 MicroCONEOIET o« s s snmurs s 55 s s o5 S oEmEe s § s CREENE 5§ 5AEPES ¢ 5 5 QEEHE S § 5 § HUBEES £ 8 § § SEURTES 85 5§ 5 FEms 50
Peripherals
Introduction: to SYStEM ILOTIC e« x5 s smem s 55 smmmn 535 5 5oces 55 54 6 M@0 8§65 5 FESES T § ¥ 8 BUGERE £ 55 5 § RARSES T 5§ 565 o 65
745182/183 LOOK. ANEA LAY ic 5 5 & 5 vuesein: o « o mmoimn o » = 2 womassainios o o $omsmsnses . 5 # o misssionens: 1 o' & BEHEEIS o 5 45 B SIREERG S § & 5 3 @ wisvomeie 66
54/741.5273: 0018l D IFIID IFTOP! wsnes « o 2 orsmsser v 2 0 wissmgons: -3 s susmaviscass s s & woamaieses s 8 8 wievoowsabe & 5 & w ALswssagell o« & s & wresoronvsel 3 s 8 3 8 Hororgs 69
54/74LS3TT ONYal D IFIIBIFIOP! wsew o s » wiswmns 5 5 sroxmpresn s 5 3 wrovossss & 86 § SUMINRY & 558 SUEIES § o 8 Smersis 8 38 s § ORipasss s & 5 3 S0 69
8251007101 Field Prografmmable|Logic ATFEY cuires s o5 swmwe o 5 35 samimm 5§ § 6 weies & s s o aRumegors § § 5 » s omaiows s 5 § 5 e 70
825200/201 Programmmable LOGIC ATTAY .« . s« swwersv s s 5 sommos s s 3 s ¢ 5 s s $Riises § § 5 g aiges s o 4 8 5 oompess § & s & oopensls 80
825102/103 Field Programimable/GateiAFTAY summars s « ¢ wmvpses 4 5 5 5 suimuis s 86 3 $amns £ § 5 oo wasiers § o v 3 3 e (e § § § 8 8o 86
8T31 8:-Bit Bidirectiohal /O PO . s swewes s s s sosmees s 5 5 9smerns 5 s ¥ Smians § 5§ SOsmans 5 5 u@lpisesy s 5§ 3 oWahmes ¥ v 4 § 3 et 94
8T32/33/35/36 8-Bit Latched Addressable Bidirectional 1/O POt ......iievvinisessoensnsiosssrneeessssssossnns 98
8T 39 BUS EXPANUET s s v s sisiaismors & & 5 5mma 7§ 5 SE006055 § 7§ SR 3 8 5000050 500 5 5 5 U000 55 § SHROme £ 95 § 55 HeRkiEee 55 ¥ 5 ¢ wisommsis 105
8TS58 Transparent BUS: EXDANTET : i ...vwe « « o cosmnion v s wsmovimsonsio s s a/miiesni s o s 0 o wisiamemss o s s seioividhihs 3§ s 6@ SEH00E5 5 8 5 & Vioaimmes 109
8X01 CRC GeNerator/ChECKEr .. ...ttt ettt ittt et e e et et et e e e e e e e et st e e enaenns 112
8X08 AM/FM Frequenty SYNTHBSIZET e s v s wmsmmns s 5 o mmmss £ 5 6@ v s 5 §EAmEmE§ s § 0@ RS 6 § § 80 som s s 1 § 535 siwias 115

Development Products

3000KT/1000 Designer’'s Development Kit ... ...ttt ettt 120
3000KT/8080SK 8080 EMUIAtOr Kit .. .outittttt ettt ettt et ettt e e e aae et enaneeeeens 122
8X02AS1000SS Microassembler (SOftWAre) . ... ...ttt ettt ittt aae s 124
8X300KT TO0SK DESIONEE'S Kt ...« coimume s wiemsiommns ¢ s s s« arasiamy 60 s €esm e s s o § 2@ ewibmm ks o o ieie eleiensiern o s o sioe sinies 125
8T32/383/35/36 Programmer It ... ¢ cewmmvs sy mmsrs s somewisss s 3 a0uanises s o 4iseise s s s o8 e @EIRars § § sewisigamasrs s s sl s oo 127
8X300AS100SS MCCAP 8X300 Cross AsSsembler (SOTWATE). .« s serens s s5semneas s £sebasisss s 5 edeseemes s o v s 128
SMS3000 Microcontroller SIMUIBLOr :ssuws s ssesests s smoamms § 506§ 5 5EHEE0s 5§ 5 REERN & ¢ 8o LEREs § 58 5o mms 129
MS3300 MiCroCONtrOllEr MONItOr .ttt ettt ettt e st e et et i 131
Chapter 2 MOS MICROPROCESSORS, PERIPHERALS AND DEVELOPMENT PRODUCTS ................. 133
Microprocessors

2650/2650A=1 MICTOPYrOCESSOT 554 55 o5 arias 5i6/es/s FEia @ 65 00REEE £ 8 50 0880 €5 S8 e 55585 RSN e 3 ¥he 5 ek v sy v @ 135
ISP-8A/600 Simple Cost Effective Microprocessor (SC/MP-11) ... ..iiiiiiiiiiiiiiiireieeeenenirieeeseaeanans 146
MPB8080A 8-Bit N-Channel MICroprOCeSSOT s swems smemms s 5m i s sos 60s8eam a8 §56/00 wesiiss ssss CEsgny 58 e s5an 163

Sifnotics 5



Peripherals

2651 Programmable Communication Interface (PCl) ... . e i 174
2652 Multi-Protocol Communications Controller (IMPCC) .....vinittti ettt iie i i i eneens 188
2655 Programmable: Peripheral Interface (PPl i s amae e s i nmme 55555 o s 55 8 6 o@me £ 555 85 oo £ 6655 Spmes 55 53§ 206
2656 System Memory Interface (SMI) ... ..o ot ettt e 208
MP8251 Programmable Communication Interface (PCI) ... ... et 219
MP8255 Programmable Peripheral Interface (PP ... ... . ittt 227

Development Products

2650KT9000 Microprocessor Prototyping Kit .. «sswirssvsssmmmmes s s smmmmas s oo s s mwmse e s sa e viosmmeim o s o ¢ s o wamneies o s s v o 238
2650PC1500/2650KT9500 Adaptable Board Computer (ABC) . isssswmssssss sy ssssmsmonsssssssvmamsiassss 241
PC-4000 2656 System Memory Interface (SMI) EMUIAtOr .. .....uutneteeenniiiiiiii et tiiinieeseninnneeenannns 245
2650PC 1001 Microprocessor:Prototyping ‘Card . . ... . 55 mees 5 o 6o ostovsis £ 5% 5 bibihoid 55 5 55 S.ooiins 55 15 45 Bo@asds 5 448 257
2650PC2000 4K MEMOTIY Card . ..viititiit ittt et ettt ettt e et et e et et 259
2650082000 Microprocessor Demonstration SYStEM « «ivyuwmssses s smmimns #56 s mwsesss s o wmmsinssess s susmsssssis 260
2650PC3000 Intelligent Typewriter COMrOIIEr .. .. .o snessomossosssoe@ongssss s mmesssss s oo s ey s@Eeasssss 263
2650AS1000/1100 Assembler Version 3.2 (SOftWAre) ... ...ttt 266
2650SM1000/1100 Simulator Version 1.2 (SOftWAre) .. ...ttt ittt aanes 267
Signetics’ Higher Level Language: PLiuS ...ttt et et ettt et e e 268
2650AR1000 Relocatable Assembler Version 5.0 . ... ...t e e s 269
The TWIN (Testware Instrument) System .. ... ..o i i et naiee s 271
Chapter 3 STANDARD SUPPORT CIRCUITS : :scusss s s mmmmas s s s ssoms 8y s 3 0usias s 58 56 9esies 55 6 8 5 suiatem s s ¢ ¢ 277
L) (oo 11T { o o I 279
BipGlar Memory SEIection: GUIITS: suww sos s aammassssammssass 5o 57555 Aemes 558§ SUEDEH 86 ¢ 5 SWmes g sss§s Fwmnegasss 280
MOS Memory SeleCHiON GUIAR &« . v v s msssmie 0 s 5 0 mmmomn s s » o o conmamum &« 5 4 % S3EHEEE 5 5 § BH@RRF S 5§ SERERE 585 ¥ 5§ SF00S 85 85 282
TA00 SBIIBS .+t v vvees oot e e e aees e ae e s aeesee e e e s eeenseanaaaaseesssennaneneeesaanantssssnnaiesesss 285
B200 SIS oot vttt ettt ettt e e e e e e e e e e e e e e e e e 286
BTO0 Series INtEIfACE . ...ttt ettt et e e e e e et e e e e e e e e 287
Y 4 = oo €I = - Y o O 288
MILITARY: ... .« sonomonm o 5 2 0 moronsear s § 5 s sibcer 85 § # Snodins £ 5 56 6 Bihtii £55 5 /U0 § 5 5 5 5 SR 655 56 QOOTOME £ B & £ 4 6 DAIOET§ 1 ¥ 5 3 5 WEIa 8 8 291
PACIKAGES ... .cconnnmmnnnnsanmmomessnnamsom s s s s s s ommons s s 58 s s 88 8 b5 bl & 53 4 8 o668 ¥ ¢ 55§ 8 bamaniass 331

6 Sifnotics



CHAPTER |

. BIPOLAR
Microprocessors

Peripherals and
Development Products




sifnotics



BIT-SLICE MICROPROCES-
SOR SERIES

Microcontrol and
Arithmetic Units

The introduction of the Signetics Bit-Slice
Microprocessors has brought new levels of
high performance to microprocessor appli-
cations not previously possible with MOS
technology. Combining the Schottky bipo-
lar microprocessors with industry standard
memory and support circuits, microinstruc-
tion cycle times of 100ns are possible.

In the majority of cases, the choice of a
bipolar microprocessor slice, as opposed to
an MOS device, is based on speed or flexi-
bility of microprogramming. Starting with
these characteristics, the design of the Sig-
netics slice microprocessors has been opti-
mized around the following objectives:

e Fast cycle time

e All memory and support chips are industry
standard

e Cooler operation

e Lower total system cost

Furthermore, systems built with large-scale
integrated circuits are much smaller and
require less power than equivalent systems
using medium and/or small scale integrated
circuits.

Typically, slice microprocessors are em-
ployed in the realization of the Central Proc-
essing Unit (CPU) of a computer or for
implementing dedicated smart controllers.
The generalized and simplified structure of
a CPU or “Smart” controller can be typically
classified into 3 distinct but interactively
related functional sections. These sections
are generally referred to as the Processing
section, the Control section, and the I/0 and
Memory Interface section. A simplified
block diagram of a CPU is illustrated in
Figure 1.

The major functions of the Processing sec-
tion are to:

e provide data transfer paths;

e manipulate data through logic and arithmetic
operations;

e provide storage facilities such as a register file;
and

® generate necessary status flags based on the
kind of operation performed by the ALU.

A SIMPLIFIED CPU ORGANIZATION

CONTROL -
SECTION

PROCESSING
SECTION

i '

| 1/0 AND MEMORY INTERFACE ]

Y

Figure 1

The major functions of the Control section
are to:

initiate memory or 1/0 operations;

decode macroinstructions;

control the manipulation and transfer of data;
test status conditions; and

sample and respond to interrupts.

The major functions of the I/0 and Memory
Interface section are to:

* multiplex data to the proper destination;
® provide bus driving/receiving capability; and
® provide latching capability.

With state-of-the-art bipolar Schottky tech-
nology, high-performance microproces-
sors are designed to perform functions of the
Processing section. Due to the limitation on
the number of pins and chip size, the overall
Processing section is partitioned into sever-
al functionally equivalent slices. In today’s
bipolar microprocessor market, 2-bit and 4-
bit slice architecture predominates. Each
architecture type has its uniqueness but, in
general, a slice contains a group of general
purpose registers, an accumulator, special-
purpose register(s) ALU and related status
flags. All of these elements constitute the
Processing section of a CPU. The flexibility
of slice components allows the designer to
construct a processing section of any de-
sired width as required by his application.

The Control section of the CPU is more
complex in design. Typically this section
includes the macroinstruction decode log-
ic, test-branch decode, microprogram se-
quencing logic, and the control store where
the microprogram resides. Aside from the
microprogram, the remaining portion of the
Control section (macroinstruction decode
and test-branch decode and sequencing
logic), does not lend itself to efficient parti-
tioning into vertical slices. This is due to the
random nature of the logic usually found in
the Control section. However, horizontal
functional grouping is possible. For exam-
ple, the macroinstruction decode and test-
branch decode logic can now be replaced
by the FPLA (Field Programmable Logic
Array); the random logic traditionally

needed to implement the microprogram
sequencing can now be replaced by the
Microprogram Control Unit; and, of course,
the microprogram can be stored in high
density PROMs or ROMs. Since the design-
er must define his own microstructure, the
slice microprocessors permit fundamental
optimizations to be made. With slice hard-
ware, the designer may have no macroin-
structions atall, placing all of the program in
PROM for dedicated control applications.
Or he may define, as required, any number
of macroinstructions selected specifically
for his particular processor purpose. Vari-
ous minicomputers and several MOS micro-
processors have been emulated using slice
hardware.

The 1/0 and Memory Interface section con-
sists mainly of 1/0O ports, high power bus
drivers, receivers, and some temporary reg-
ister storage facilities. Bidirectional and
tri-state devices are the most popular logic
elements for implementing this interface
structure.

Figure 2 shows an LS| approach to the
implementation of the same generalized
CPU structure indicated earlier.

Data specifications for Signetics’ line of
slice microprocessor components are con-
tained within this chapter. Included is the
popular 3000 series Microprogram Control
Unit and the 2-bit slice Central Processing
Element. These Signetics devices feature
improved performance specifications over
3000 series components available on the
general market. Moreover, the unique Sig-
netics XL plastic package design results in
significantly cooler operation of the chip
than was previously possible with other
plastic package designs. This section also
features the 8X02 Control Store Sequencer.
This device may be used with any TTL
compatible slice processing elements and
features extreme ease of use. The 8 simple,
yet powerful, instructions permit subroutin-
ing and looping (using internal stack), un-
restricted jumping, unrestricted conditional
branching and conditional instruction skip-
ping.

CONTROL SECTION

ROM-PROM
(MICROPROGRAM)
828115

AN LSI IMPLEMENTATION OF A CPU

PROCESSING SECTION

MCU (SEQUENCER)
N3001 OR 8X02

A

FPLA (FOR DECODE)

825100/101
A Y
Y 1/0 AND MEMORY INTERFACE SECTION

Y

1st SLICE 2nd SLICE nth SLICE
N3002 N3002 N3002
OR OR OR
N2901-1 N2901-1 N2901-1

("]

8T31 8-BIT 170 PORT

8728/ 8T26A — 4-BIT HIGH DRIVE TRANSCEIVER
8795 — 98:; HEX TRI-STATE BUFFERS

Figure 2
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PRELIMINARY SPECIFICATION 8X02-1,XL
DESCRIPTION FEATURES PIN CONFIGURATION
The Signetics 8X02 is a low power Schott- e Low power Schottky process XL PACKAGE
ky LSI device intended for use in high per- e 1024 microinstruction addressability '
formance microprogrammed systems to e N-way branch ac, [T] 28] Ac,
control the fetch sequence of microinstruc- e 4-level stack register file (LIFO type) & [ 7] ac,
tions. When combined with standard ROM e Automatic push/pop stack operation
or PROM, the 8X02 forms a powerful micro- e “Test and skip” operation on test input A [] 28], wesr
programmed control section for computers, line A [4] 25] cuk
controllers, or sequential logic. e 3-bit command code A [5] 24] 8,
e Tri-state buffered outputs a [E] B
e Auto-reset to address 0 during power-up : :
e Conditional branching, pop stack, and eno [7] 22] vee
push stack A 3] 21] 8,
. [0 19] B
BLOCK DIAGRAM ~ [ el e
(12) (100 (8) (5 (3
(13 (1) (@ (6 (4 a [z} 7] 8
AgAg Az AgAgA4AzA, A1 Ag A, [i3] 6] &,
—— S, N ) O (P (WL O [ | O T B, 14 4
“r JTT‘F‘?TWF? — =5 -
@ ' OUTPUT BUFFER :
| I
! - !
(2(;: ﬁzﬁ P DECODE l ADDRESS REGISTER I MUX :
(27) ACy £Osle i STACK |
(25) cLK O— e o !
(22) v, |
ce 12y y+ |
(7) GNDO— 10 5 —© T(§GS)T
| ADDRESS MULTIPLEXER |
| I' | STACK POINTERl |
| = I
S A A— J
BgBg By Bg B B4 B3 By B1Bg
(24) (21) (19) (17) (15)
(23) (20) (18) (16) (14)
PIN DESIGNATION
PIN SYMBOL NAME AND FUNCTION TYPE
5-6 Ag-Ag Microprogram Address outputs Three-state
8-13 Active high
1,28,27 AC,-AC, Next Address Control Function inputs Active high
All addressing control functions are selected by these command lines.
14-21 Bo-Bg Branch Address inputs Active high
23-24 Determines the next address of an N-way branch when used with the BRANCH
TO SUBROUTINE (BSR) or BRANCH ON TEST (BRT) command.
2 EN Enable input Active low
When in the low state, the Microprogram Address outputs are enabled.
25 CLK Clock Input—High to Low transition for stack operations, Low to High trans- T
ition for address modification.
26 TEST Test input Active high
Used in conjunction with four NEXT ADDRESS CONTROL FUNCTION
commands to effect conditional skips, branches, and stack operations.
7 GND Ground
22 Vee +5 Volt supply

10
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PRELIMINARY SPECIFICATION

FUNCTIONAL DESCRIPTION

The Signetics 8X02 Control Store Sequenc-
er is an LS| device using low power Schott-
ky technology and is intended for use in
high performance microprogrammed appli-
cations. When used alone, the 8X02 is cap-
able of addressing up to 1K words of mic-
roprogram. This may be expanded to any
microprogram size by conventional paging
techniques.

The Address Register consists of 10 D-type,
edge-triggered flip-flops with a common
clock. A new address is entered into the
Address Register on the low-to-high tran-
sition of the clock. The next address to be
entered into the Address Register is sup-
plied via the Address Multiplexer.

The Address Multiplexer is a 5-input device
that is used to select either the branch input,
+1 adder, +2 adder, stack register file, or
ground (all zeros) as the source of the next
microinstruction address. The proper multi-
plexer channel is automatically selected via
the Decode Logic according to the Address
Control Function Input and Test Input line.

The +1, +2 logic is used to increment the
present contents of the Address Register by
1 or 2, depending on the function input
command. Thus, the next address to the
Control Store ROM/PROM may be either
the current address plus 1 (N+1) or the
current address plus 2 (N+2). If the same
Microprogram Address is to be used on
successive occasions, the clock to the 8X02
must simply be disabled; therefore, no new
address is loaded into the Address Register.

The Stack File Register is used to provide a
return address linkage whenever a subrou-
tine or loop is executed. The 4X10 stack
operates in a last-in, first-out (LIFO) mode,
with the stack pointeralways pointing to the
next address to be read. Operation of the
stack pointer is automatically controlled by
the Address Control Function Inputs. Since
the stack is 4 words deep, up to 4 loops
and/or subroutines may be nested.

The branch input is a 10-bit field of direct
inputs to the multiplexer which can be se-
lected as the next control store address.
Using the appropriate branch command, an
N-way branch is possible where N is the

NEXT ADDRESS CONTROL FUNCTION TABLE

8X02-1,XL

address of any microinstruction within the
1024 word microcode page. Likewise, the
RESET command is a special case of an N-
way branch in which the multiplexer selects
an all zeros input, forcing the next microin-
struction address to be zero.

The Test Input line is used in conjunction
with the conditional execution of 4 Address
Control Function commands. When the
Test Input is false (low), the sequencer
simply increments to the next address
(N+1). When it is true (high), the sequencer
executes a branch as defined by the input
command, thereby transferring control to
another portion of the microprogram.

All Address Output lines of the 8X02 are
three-state buffered outputs withacommon
enable line (EN). When the Enable line is
high, all outputs are placed in a high-
impedance state, and external access to the
control store ROM/PROM is possible. This
allows a preprogrammed set of mi-
croinstructions to be executed from exter-
nal or built-in test equipment (BITE), vec-
tored interrupts, and Writable Control Store
if implemented.

. FUNCTION
MNEMONIC DESCRIPTION AC: 4 % TEST NEXT ADDRESS STACK STACK POINTER
TSK Test and skip 000 False Current + 1 N.C. N.C.
True Current + 2 N.C. N.C.
INC Increment 0 1 X Current + 1 N.C. N.C.
BLT Branch to loop if 010 False Current + 1 X Decr
test input true True Stack reg file POP (read) Decr
POP POP stack 01 1 X Stack reg file POP (read) Decr
BSR Branch to sub- 100 False Current + 1 N.C. N.C.
routine if test True Branch address PUSH (Curr + 1) Incr
input true
PLP Push for looping 10 1 X Current + 1 PUSH (Curr Addr) Incr
BRT Branch if test 110 False Current + 1 N.C. N.C.
input true True Branch address N.C. N.C.
RST Set microprogram g A X All O’s N.C. N.C.
address output to
zero

X = Don't care
N.C. = No change

Sifnotics
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PRELIMINARY SPECIFICATION

FUNCTIONAL DESCRIPTION

The following is a description of each of the eight Next Address Control Functions (AC,-ACg)

MNEMONIC FUNCTION DESCRIPTION
TSK AC,., = 000: TEST AND SKIP
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer unchanged
If test is Next Address = Current Address + 2
True (High) (i.e. Skip next microinstruction)
Stack Pointer unchanged
INC AC,,=001:INCREMENT
Next Address = Current Address + 1
Stack Pointer unchanged
BLT AC,.,=-010: BRANCH TO LOOP
IFTEST CONDITION TRUE.
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer decremented by 1
If test is Next Address = Address from Stack
True (High): Register File (POP)
Stack Pointer decremented by 1
POP AC,,=011: POPSTACK
Next Address = Address from Stack Register File (POP)
Stack Pointer decremented by 1
BSR AC,.,=100: BRANCHTO SUBROUTINE
IFTEST CONDITION TRUE.
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer unchanged
If test is Next Address = Branch Address Input (Bg-g)
True (High): Stack Pointer incremented by 1
PUSH (write) Current Address + 1 — Stack Register File
PLP AC,,=101: PUSHFOR LOOPING
Next Address = Current Address + 1
Stack Pointerincremented by 1
PUSH (write) Current Address — Stack Register File
BRT AC,,=110: BRANCH ON TEST CONDITION TRUE
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer unchanged
If test is Next Address = Branch Address Input (Bg.o)
True (High): Stack Pointer unchanged
RST AC,,=111:RESET TO ZERO
Next Address = 0
Stack Pointer unchanged
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vce Power supply voltage &7 Vdc
VIN Input voltage +5.5 Vdc
Vo Off-State output voltage #5.5 Vdc
TA Operating temperature range | 0° to +70° %G -
TstG Storage temperature range -65° to +150°| °C

12
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PRELIMINARY SPECIFICATION 8X02-1,XL
DC ELECTRICAL CHARACTERISTICS TA=0°Cto+70°C,4.75< VG <525V
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ! Max
V|4 High level input voltage 2 \
VL Low level input voltage 0.8 v
V| Input clamp voltage Voo =475V, 1| = -18mA -15 v
VoH High level output voltage Vce =475V, IoH = -2.6mA 24 \
VoL Low level output voltage Voo =475V, gL = 8mA 05 v
I Input current at maximum Veog =525V, V) =55V 100 A
Input voltage
lH High level input current Vce =525V, V=27V
AC,-AC,, EN, TEST 40 KA
Bg-Bo 20 LA
CLK 60 LA
I Low level input current Vcge =525V, V| =04V
AC,-AC,, EN, TEST -0.72 mA
Bo-B, -0.36 mA
CLK -1.08 mA
los  Short-circuit output current Vgog =525V -15 -100 mA
lozHy High-Z state output current VouTt =27V 20 A
lozL High-Z state output current Vouyt =04V -20 UA
Ilcc  Supply current Vgg =525V 165 200 mA
NOTE
1. All typical values are at V =5V, T, =25°C
e A VOLTAGE WAVEFORMS
ETUP HOLD TIM
TEST LOAD CIRCUIT SETUP AND HO ES PULSE WIDTHS
3v
TIMING /13\/—__ HIGH-LEVEL 13v 13v
INPUT PULSE
TEST —/‘ ————— — OV t
POINT Vee tSETUP <—tHOLD .
—_—-13V o
DATA LOW-LEVEL 13v 1.3v
% Ry INPUT PULSE
ov
s1
FROM OUTPUT SEENGTRE
EHpEREST ‘ : PROPAGATION DELAY TIMES
i ineuT
CL
(SEE NOTE A) 1 AR
I {-
= S ouToR T
ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS.
NOTES
} ENABLE AND DISABLE TIMES THREE-STATE OUTPUTS
A. C|_ includes probe and jig capacitance
B. All diodes are 1N916 or 1N3064 OUTPUT 5
& = CONTROL
T e e o .
~—"'zL 'Lz
e—— - <45V $1 AND S2 CLOSED
1 CLOSED, Jr 15V
WAVEFORM 1 S2 OPEN v
—_— oMoy
T e
WAVEFORM 2 SZS:)E(;SE?D 1.5v
————— ov $1 AND S2 CLOSED
sifnotics 13
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PRELIMINARY SPECIFICATION

AC ELECTRICAL CHARACTERISTICS Tp =0°-70°C, VoG = 5.0V £ 5%

LIMITS
PARAMETER TO |[FROM UNIT
Min | Typ' | Max
ty (1) Test 0 | -10 ns
0 -24
Control and data input setup ns
times with respect to CLK (/)
for stack related functions
(BLT, POP, BSR, PLP) (2)
tse' (1) AGy-AC, 35 | 23
35 22
tg)' (1) Test 28 23
28 22
Propagation delay Ag-Ag | EN ns
tpLz Low to high Z 12 35
tpHZ High to high Z 16 | 35
tpzL High to low 14 25
tpzH High Z to high 15 35
Propagation delay Ag-Aq | Clock
tPHL High to low 33 40
tPLH Low to high 33 40
Clock pulse width ns
tpw High 50 36
tpw Low 60 42
Control and data input setup ns
times with respect to CLK (1)
for non-stack related functions
(TSK, INC, BRT, RST)
tsg (1) ACy-AC, 90 70
(0) 90 70
tgk (1) Bo-Bg2 27 | 22
(0) 29 24
tg) (1) Test 60 45
(0) 60 | 45
Control and data input hold ns
times with respect to CLK (1)
tye (1) AC,-AC, 0 -7
(0) 0 | -12
thk (1) Bo-Bg? 0 | -12
(0) 0 | -10
NOTES

1. Typical values are to TA = 25°C and V¢ = 5.0 volts
2. By-Bg inputs are required to Clock (1) only. See TSK (1) and TSK (0).

14
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PRELIMINARY SPECIFICATION 8X02-1,XL
TIMING WAVEFORM PULSE WIDTH (TPW) vs
TEMPERATURE
CLOCK / tow \ Thw /
| |
l |
X | X
AO0-A9 Il !
| TPLH
—|  TP(XX) :‘— : TPHL ForEl
EN X ! | - 60ns|— 0
' 58| Yo 5
: I N ,r E 50ns |— 48 50
— [ ,/\\\ 5 2 :7 MINIMUM TPW
~— TSFI(X) —>: TSF(X)| ———
30n: 1 l I
e°C 25°C 50°C 70°¢

1N
ACO0-AC2 I/) \‘ TEMPERATURE

[

|

|

|

|

|

| |
TSI'(X)!  -— I
|

l

|

|

[

|
Ky 7
R I x
TEST | Pl AN
|
|
|

—_—

- TSI(X) |
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DESCRIPTION

The 4-bit bipolar microprocessor slice is
designed as a high-speed cascadable ele-
ment intended for use in CPUs, peripheral
controllers, programmable microproces-
sors and numerous other applications. The
microinstruction flexibility of the 2901-1 will
allow efficient emulation of almost any dig-
ital computing machine.

The device, as shown in the block diagram
below, consists of a 16-word by 4-bit 2-port
RAM, a high-speed ALU, and the associated
shifting, decoding and multiplexing circuit-
ry. The 9-bit microinstruction word is or-
ganized into 3 groups of 3 bits each and
selects the ALU source operands, the ALU
function, and the ALU destination register.
The microprocessor is cascadable with full
look-ahead or with ripple carry, has three-
state outputs, and provides various status
flag outputs from the ALU. Advanced low-
power Schottky processing is used to fabri-
cate this 40-lead LS| chip.

BLOCK DIAGRAM

FEATURES

® 80ns cycle time

e 2-address architecture
Independent simultaneous access to 2
working registers saves machine cycles

e 8-function ALU
Performs addition, 2 subtraction opera-
tions, and 5 logic functions on 2 source
operands

® Flexible data source selection
ALU data is selected from 5 source ports
for a total of 203 source operand pairs
for every ALU function

e Left/right shift independent of ALU
Add and shift operations take only 1
cycle

e 4 status flags
Carry, overflow, zero, and negative

e Expandable
Connect any number of 2901-1’s togeth-
er for longer word lengths

e Microprogrammable
3 groups of 3 bits each for source oper-
and, ALU function, and destination con-
trol

ALu
FUNCTION

B DATA IN

A (READ) A" ADDRESS
ADDRESS _____/

16 ADDRESSABLE REGISTERS

G
READ WRITE| B ADDRESS
ADDRESS
a
DATA

&
DATA
out ouT

I ——
e 4'_‘7 —Lg J‘ L J

o A 3

ALU DATA SOURCE
SELECTOR

B-FUNCTION ALU

GUTPUT
ENABLE

OUTPUT DATA SELECTOR
¥

G

Ll

DATA OUT

PIN CONFIGURATION

N2901-1 - |

| PACKAGE
s [T a0] o¢
a2 [2Z] [39] vs
Ao [4] 37] V1
s [5] [36] Yo
15 [6] [35] 7
v [ E OVR
RAM3 [z E G
RAMg E '3__2] G
Vee E E Fa
F=0 E [30] oD
o [iZ] 7] <
n [33] _2__3] g
'z [1a] [27] 15
e [i5] 26] '
a; [ig] [25] Do
8 [20] 21] %

16
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PIN DESIGNATION

N2901-1 - |

PIN SYMBOL NAME AND FUNCTION TYPE

1-4 Ag-As A Address Active high
The 4 address inputs to the register stack used to select 1 register whose contents are
displayed through the A port. A, is the LSB.

17-20 By-Bs B Address Active high
The 4 address inputs to the register stack used to select 1 register whose contents are
displayed through the B portand into which new data can be written when the clock goes
LOW. By is the LSB.

12-14, lo-lg Instruction Control Active high

26-28, The 9instruction control lines to the 2901-1 used to determined what data sources will be

5-7 applied to the ALU (lgy5), what function the ALU will perform (ls45), and what data is to be
deposited in the Q register or the register stack (lgzg).

RAM; Shift Line Three-state

16 Q; A shift line at the MSB of the Q register (Q3) and the register stack (RAM;). Electrically Active high
these lines are three-state outputs connected to TTL inputs internal to the 2901-1. When
the destination code on lg;5 indicates a left (up) shift (octal 6 or 7) the three-state outputs
are enabled and the MSB of the Q register is available on the Q; and the MSB of the ALU
output is available on the RAM; pin. Otherwise, the three-state outputs are off (high-
impedance) and the pins are electrically LS-TTL inputs. When the destination code calls
for a right (down) shift, the pins are used as the data inputs to the MSB of the Q register
(octal 4) and RAM (octal 4 or 5).

9 RAM, Shift Line Active high

21 Qo Shift lines similar to Q3 and RAM,, at the LSB of the Q register and RAM. These pins are
tied to the Q; and RAM; pins of the adjacent device and are used to transfer data between
devices for left and right shifts of the Q register and ALU data.

22-25 Dy-Ds Direct Data Inputs Active high
A 4-bit data field which may be selected as one of the ALU data sources for entering data
into the 2901-1. D, is the LSB.

36-39 Yo-Ys Data Out Three-state
The 4 data outputs of the 2901-1. These are three-state output lines. When enabled, they Active high
display either the 4 outputs of the ALU or the data on the A port of the register stack, as
determined by the destination code lg;5. Y, is the LSB.

40 OE Output Enable Active low
When OE is High, the Y outputs are disabled; when OE is Low, the Y outputs are active
(high or low).

32,35 GP Carry Generate, Propagate Active low
The carry generate and propagate outputs of the 2901-1. These signals are used with the
N74S182 for carry-lookahead. See Table 7 for the logic equations.

34 OVR Overflow Active high
This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the
ALU. At the most significant end of the word, this pin indicates that the result of an
arithmetic two's complement operation has overflowed into the sign-bit. See Table 7 for
logic equation.

31 F=0 F=0 Active high
This is an open collector output which goes High (off) if the data on the 4 ALU outputs
Fo-3 are all low. In positive logic, it indicates the result of an ALU operation is zero.

29 Cn Carry In Active high

33 Ch+4 Carry Out (See Table 7 for logic equations.) Active high

15 CP Clock Active high
The Q register and register stack outputs change on the clock Low-to-High transition.

The clock Low time is internally the write enable to the 16X4 RAM which comprises the
“master” latches of the register stack. While the clock is Low, the “slave” latches on the
RAM outputs are closed, storing the data previously on the RAM outputs. This allows
synchronous master-slave operation of the register stack.
smnntins 17
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SYSTEM DESCRIPTION

A detailed block diagram of the bipolar
microprogrammable microprocessor struc-
ture is shown in Figure 1. The circuit is a 4-
bit slice cascadable to any number of bits.
Therefore, all data paths within the circuit
are 4 bits wide. The two key elements in the
Figure 1 block diagram are the 16-word by
4-bit 2-port RAM and the high-speed ALU.

Data in any of the 16 words of the Random
Access Memory (RAM) can be read from the
A port of the RAM as controlled by the 4-bit
A address field input. Likewise, data in any
of the 16 words of the RAM as defined by the
B address field input can be simultaneously
read from the B port of the RAM. The same
code can be applied to the A select field and
B select field in which case the identical file
data will appear at both the RAM A port and
B port outputs simultaneously.

When enabled by the RAM write enable
(RAM EN), new data is always written into
the file (word) defined by the B address field
of the RAM. The RAM data input field is

driven by a 3-input multiplexer. This con-
figuration is used to shift the ALU output
data (F) if desired. This 3-input multiplexer
scheme allows the data to be shifted up
(left) 1 bit position, shifted down (right) 1 bit
position, or not shifted in either direction.

The RAM A port data outputs and RAM B
port data outputs drive separate 4-bit
latches. These latches hold the RAM data
while the clock input is low. This eliminates
any possible race conditions that could
occur while new data is being written into
the RAM.

The high-speed Arithmetic Logic Unit
(ALU) can perform 3 binary arithmeticand 5
logic operations on the two 4-bit input
words R and S. The R input field is driven
from a 2-input multiplexer, while the S input
field is driven from a 3-input multiplexer.
Both multiplexers also have an inhibit capa-
bility; that is, no data is passed. This is
equivalent to a “zero” source operand.

Referring to Figure 1, the ALU R-input mul-
tiplexer has the RAM A port and the direct

N2901-1 - |

data inputs (D) connected as inputs. Like-
wise, the ALU S input multiplexer has the
RAM A port, the RAM B port and the Q
register connected as inputs.

This multiplexer scheme gives the capabili-
ty of selecting various pairs of the A, B,D, Q
and “0” inputs as source operands to the
ALU. These 5 inputs, when taken 2 ata time,
result in 10 possible combinations of source
operand pairs. These combinations include
AB, AD, AQ, A0, BD, BQ, B0, DQ, DO and
QO. It is apparent that AD, AQ and A0 are
somewhat redundant with BD, BQ and BO
in that if the A address and B address are the
same, the identical function results. Thus,
there are only 7 completely non-redundant
source operand pairs forthe ALU. The 2901-
1 microprocessor implements 8 of these
pairs. The microinstruction inputs used to
select the ALU source operands are the |,
Iy, and |, inputs. The definition of Iy, Iy, and I,
for the 8 source operand combinations are
as shown in Table 1. Also shown is the octal
code for each selection.

DETAILED 2901-1 BLOCK DIAGRAM

RAMg

3N

cLOCK
cp

3»w_h;l”‘ ] \7 |

3IN 3N |
MUX MUX MUX MuX '
I ]
Ao | D3 D2 Dg Do | By [
A B
AWORD |A1>—— Sl <8y
L 16 BIT BY 4 BIT 2 PORT RAM -l
RAM
A3>—|A3A2A1A0  we EN  B3BaBisg [ <53
T T TT

]

D3

cp

a3

D2

- -
| i [ 9
— Ll | I ‘ | ‘ ‘ ‘ ‘
aonnl f— L J 3N 3N 3N 3IN LU |
ADDRESS MUX MUX MUX MUX ’ } ‘ ‘

O REGISTER

Q3

Dy Dg |

l <1
<17
<8

OEN

ALU
DESTINATION
DECODE

& Qg | T

Do >
DIRECT im: ]

INPUTS  |P2>— I |
D3>
AU =<
SOURCE
OPERAND <l
‘ DECODE |,
13 >— | - -
la > FUI\IAC'}L:ON - A Ha 2 i o & . E L e
s pecope [[ [ [ ] ARITHMETIC LOGIC UNIT (ALU) g |
> | > Cnusg
Fa Fq Fo > ovR |
T I I S
. |
IT o
- Tt Soetes wimes
|
F=0
* (o/c) =g
Figure 1
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ALU SOURCE RAM Q REGISTER Y RAM Q
MICRO CODE | " 5peRANDS MICRO CODE | pyNCTION | FUNCTION |qur.| SHIFTER | SHIFTER
Octal Octal ; ; PUT [RAM, | RAM;| Q, Q;
I & I Code R S lg 17 g Code Shift Load | Shift | Load Lo/RI | LI/RO|LO/RI|LI/RO
L L L. 0 A Q
L L H 1 A B L L Ll © X None | None | F—~Q F
£ B L 2 0 Q L L H| 1 X None X None
L H H 3 0 B
H L L 4 0 R L H 2 None F—-B X None A
H L H 5 D A
H H L 6 D Q L HHf 3 None F=B X None F X X X X
H H H i D 0 i i
HLLl 4 (g.gm F/2-~B (;(.)gm Q2-Q| F | Fo | INg | Q | INg
Table 1 ALU SOURCE own) v
OPERAND CONTROL HLH| 5 (gfvc;) F2-B| X | None | F | Fo | INg| Q | X
) Left Left
The 2 source operands not fully described HHL 6 (Up) 2F —~B (Up) 2Q—-Q@ F INg Fs INg Q;
as yet are the D input and Q input. The D Left
input is the 4-bit wide direct data field input. HHH £ (Up) 2F=~B X None F INg Fs X Qs
This port is used to insert all data into the

working registers inside the device. Like-
wise, this input can be used in the ALU to
modify any of the internal data files. The Q
register is a separate 4-bit file intended
primarily for multiplication and division rou-
tines butitcan also be used asan accumula-
tor or holding register for some applica-
tions.

The ALU itself is a high-speed
arithmetic/logic operator capable of per-
forming 3 binary arithmetic and 5 logic
functions. The I3, 14, and |5 microinstruction
inputs are used to select the ALU function.
The definition of these inputs is shown in
Table 2. The octal code is also shown for
reference. The normal technique for cas-
cading the ALU of several devices is in a
look-ahead carry mode. Carry generate, G,
and carry propagate, P, are outputs of the
device for use with a carry-look-ahead-
generator such as the N74S182. A carry-out,
Ch + 4, is also generated and is available as
an output for use as the carry flag in a status
register. Both carry-in (Cnp) and carry-out
(C h+4) are active high.

MICRO CODE ALU

s A s gg;a; Function | Symbol
L LL 0 R Plus S R+S
L A 1 S Minus R S-R
L H L 2 R Minus S R-S
LHH 3 ROR S RV S
H L L 4 R AND S E NS
HLH| 5 |RANDS RAS
HHL 6 R EX-OR S RV S
HHH 7 R EX-NOR S| R¥ S

Table 2 ALU FUNCTION CONTROL

The ALU has three other status-oriented
outputs. These are F;, F =0, and overflow
(OVR). The F5 output is the most significant
(sign) bit of the ALU and can be used to

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which

is in the high-impedance state.

Table 3 ALU DESTINATION CONTROL

determine positive or negative results with-
out enabling the three-state data outputs. F5
is non-inverted with respect to the sign bit
output Y;. The F = 0 output is used for zero
detect. It is an open-collector output and
can be wire OR’ed between microprocessor
slices. F = 0 is high when all F outputs are
low. The overflow output (OVR) is used to
flag arithmetic operations that exceed the
available two’s complement number range.
The overflow output (OVR) is high when
overflow exists. That is, when Cpn+3 and
Cn+4 are not the same polarity.

The ALU data output is routed to several
destinations. It can be a data output of the
device and it can also be stored in the RAM
or the Q register. Eight possible combina-
tions of ALU destination functions are avail-
able as defined by the lg, I, and lg microin-
structon inputs. These combinations are
shown in Table 3.

The 4-bit data output field (Y) features
three-state outputs and can be directly bus
organized. An output control (OE) is used to
enable the three-state outputs. When OE is
high, the Y outputs are in the high-

impedance state.

A 2-input multiplexeris also used at the data
output such that either the A port of the
RAM or the ALU outputs (F) are selected at
the device Y outputs. This selection is con-
trolled by the Ig, |7, and Ig microinstruction
inputs. Refer to Table 3 for the selected
output for each microinstruction code com-
bination.

As was discussed previously, the RAM in-
puts are driven from a 3-input multiplexer.
This allows the ALU outputs to be entered

Siljnotics

non-shifted, shifted up (left) one position
(X2) or shifted down (right) one position
(+2). The shifter has 2 ports; one is labeled
RAM, and the other is labeled RAM;. Both of
these ports consist of a buffer-driver with a
three-state output and an input to the multi-
plexer. Thus, in the shift up mode, the RAM,
buffer is enabled and the RAM, multiplexer
input is enabled. Likewise, in the shift down
mode, the RAM, buffer and RAM; input are
enabled. In the no-shift mode, both buffers
are in the high-impedance state and the
multiplexer inputs are not selected. This
shifter is controlled from the g, I, and Ig
microinstruction inputs as defined in Table
3.

Similarly, the Q register is driven from a 3-
input multiplexer. In the no-shift mode, the
multiplexer enters the ALU data into the Q
register. In either the shift-up or shift-down
mode, the multiplexer selects the Q register
data appropriately shifted up or down. The
Q shifter also has 2 ports; one is labeled Qg
and the other is Qz. The operation of these 2
ports is similar to the RAM shifter and is also
controlled from lg, |, and lg as shown in
Table 3.

The clock input to the 2901-1 controls the
RAM, the Q register, and the A and B data
latches. When enabled, data is clocked into
the Q register on the low-to-high transition
of the clock. When the clock input is high,
the A and B latches are open and will pass
whatever data is present at the RAM out-
puts. When the clock input is low, the
latches are closed and will retain the last
data entered. If the RAM-EN isenabled, new
data will be written into the RAM file (word)
defined by the B address field when the
clock input is low.
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SOURCE OPERANDS AND
ALU FUNCTIONS

affect the function performed while in the
logic mode, the carry will have no bearing

N2901-1 - |

perform and Table 6 shows the arithmetic
functions of the device. Both carry-in low

There are eight source operand pairs avail- on the ALU output. Table 5 defines the (Cp = 0) and carry-in high (Cp = 1) are
able to the ALU as selected by the I, I;, and various logic operations that the 2901-1can  defined in these operations.
I, instruction inputs. The ALU can perform
eight functions; five logic and three arith-
metic. The I3, I, and Is instruction inputs o \_l210 OCTAL 0 1 2 3 4 5 6 7
control this function selection. The carry c ALU
input, Cp,, also affects the ALU results when T Is Source
in the arithmetic mode. The Cp, inputhas no A ‘AL A Q A,B (0,Q|0,B|{0,A| DA D,Q |D,0
effgcct:in ;he quic Ln?ggél/r\:herlrl]c, throtugh Ii L ® | Fiinction
an n are viewe er, e matrix o —
Table 4 results. This matrix fully defines the 0 ch|JsLs A+Q | A+B 1 Q | B | A D+A | D+Q| D
£ .
SAt;tL(Je/source operand function for each Cn-H A+Q+fa+B+1la+1lB+1|la+1lp+Aa+1D+Q+1lD+1
Ch=1L Q-A-1 | B-A-1 [ Q-1 | B-1| A-1| A-D-1 | Q-D-1 |-D-1
The ALU functions can also be examined on 1 S Minus R
a “talsk" EaSiSi ir.]e., agd, su:tracr:]t, AND, OF}I Cn=H Q-A B-A Q B A A-D Q-D D
etc. In the arithmetic mode, the carry wi Cn-L AQ1 ] ABT |-Q11B-11-A-1] D-A-1 | D-O-1 | D1
2 R Minus S
Cnh=H A-Q A-B -Q| -B| -A D-A D-Q D
OCTAL | ~roup | FUNCTION 3 RORS |AVQ|AVB|Q |B|A|DVA|{DVQ| D
lsaz lato 4| RANDS |AAQ|AAB| 0 | 0| 0|DAA|[DAQ]| O
4 0 AANQ 5 RANDS |AANQ|AAB| Q | B | A|DAA|DAQ]| O
2; AND 3;\\2 6 | REXORS | AVQ|Av¥B| Q| B | A|[DvA|[DvQ]| D
7 | REXX-NORS| AYvQ|A¥YB| Q | B| A |DYA|[DvQ]| D
4 6 D AQ
30 AV Q + = Plus; - = Minus, V= OR; /\= AND, ¥/= EX-OR
3 ; OR S v i Table 4 SOURCE OPERAND AND ALU FUNCTION MATRIX
3 6 DVAQ
6 0 AN Q
6 1 . A~ B OCTAL Cn =0 (LOW) Cn =1 (HIGH)
6 5 EX-OR D %A n n
6 6 D % Q Is43, l210 Group Function Group Function
7 0 AN Q 00 A+Q A+Q+1
7 1 ~ AN B 0 1 ADD A+B ADD plus A+B+1
7 5 ERHIOR D~ A 0 5 D+A one D+A+1
7 6 D *Q 0 6 D+Q D+Q+1
7 2 Q 0 2 Q Q+1
73 B 0 3 PASS B Increment B+1
7 4 INNERT A 0 4 A A+1
77 D 07 D D+1
6 2 Q 12 Q-1 Q
6 3 B 13 Decrement B-1 PASS B
6 4 PASS A 1 4 A-1 A
6 7 D 2 7 D-1 D
3 2 Q 2 2 “Q~1 -Q
3 8 B 2 3 1’'s Comp. B =1 2's Comp. =B
3 4 PASS A 2 4 -A-1 (Negate) -A
8 7 D 1 7 -D -1 -D
4 2 0 1.0 Q-A-1 Q-A
4 3 “ZERO" 0 11 Subtract B-A-1 Subtract B-A
4 4 0 15 (1’'s Comp.) A-D-1 (2's Comp.) A-D
4 7 0 16 Q-D-1 Q-D
5 0 A ANQ 2 0 A-Q-1 A-Q
5 1 A NAB 2 1 A-B-1 A-B
5 5 MASK DAA 2 5 [ D-A
5 6 DAQ 2 6 D-Q-1 D-Q

Table 5 ALU LOGIC MODE
FUNCTIONS (C, Irrelevant)
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Table 6 ALU ARITHMETIC MODE FUNCTIONS
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N2901-1 - |
LOGIC FUNCTIONS FOR less | FUNCTION B G Cn-4| OVR
G, P, Cp + 4, AND OVR - G & w i
The four signals G, P, Cp, + 4, and OVR are g R+ PaP2P1Po | Ga + PsGa + PsPaGi + PaPoP1Go 4 3% C

designed to indicate carry and overflow 1 S-R [eSame as R+S equations, but substitute R; for Rj in definitions =
conditions when the 2901-1 is in the add or

o . - d i i 1 i finitions =
subtract mode. Table 7 indicates the logic 2 R-S Same as R+S equations, but substitute S; for Sj in definition
equations for these four signals for each of 1 All logic : ) .

the eight ALU functions. The R and S inputs S operations High Lo High Hilgh

are the two inputs selected according to

Table 1. Table 7 LOGIC EQUATIONS

Definitions (+ = OR)

Py = Ry + So Go = RoSo
P;=R;+8; G; = RS,
P;=R;+ S, Gz = R:S;
P3=Rs+ S, Gs = RsSs

Ce = Go + P3Gy + P3P,Gy + PsPP,Go + PoPoPiPoChy
C3 =Gy + PGy + PoP4Gp + PoP1PoCn

DC ELECTRICAL CHARACTERISTICS 0°C < +70°C, 4.75V, Vcc < 5.25V

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
VoH High level output voltage Ve =475V, lgy = 1.6mA 2.4
Icex  Output leakage current Voe =475V, Von = 5.2V, 250 wA
for F = 0 output VIN=VigorV
VoL Low level output voltage Vce =475V
Y loL = 20mA 0.5 \Y
G _ loL = 16mA 0.5 v
Cn+4 F=0,OVR, P F, loL = 10mA 0.5 Y%
RAMa,0, Qs,0 oL = 6mA 05 v
Vi High level input voltage 2.0 \
ViL Low level input voltage 0.8 \Y
Vic Input clamp voltage Ve =475V, 1 = -18mA -1.5 v
I High level input current at maximum
input voltage Voo =525V, V=55V 1.0 mA
lH High level input current Vee =525V, v =27V
Clock, OE, A, B, D, |, Cn 20 MA
RAMg3,o, Q3,0 (Note 1) 20 MA
I Low level input current Voo =525V, VI =0.5V
Clock, DE, A, B, D, I, Cp 50 MA
RAM3,0, Qg,0 (Note 1) -100 WA
los Short circuit output current (Note 2) Vee =525V -10 -40 mA
loz High-Z state output current Y, - Y, Vo = 2.4V 50 MA
Vo = 0.5V -50 uA
RAM;,0, Q3.0 Vo = 2.4V 100 UA
V= 0.5V -100 WA
lce Supply current Voo = 5.25V 165 265 mA
NOTES

1. LO/RIand RO/LI are three-state outputs internally connected to TTL inputs. Input characteristics are
measured with lg;g in a state such that the three-state output is OFF.

2. Not more than 1 output should be shorted at a time. Duration of the short-circuit test should not
exceed 1 second.
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N2901-1 - |

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Ve Power supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vo Off-state output voltage +5.5 Vdc
TaA Operating temperature range 0°¢ to +70° °C
TsTG  Storage temperature range -65° to +150°C °C

AC ELECTRICAL CHARACTERISTICS Tp =0°C to +70°C, VoG = 5.0V £ 5%

PARAMETER HiwITS UNIT
Min Typ Max
Clock Times!?
tcy Clock cycle time 80 65 ns
tRMW Ready-modify-write cycle 70 55 ns
fQ Clock frequency to shift Q register 25 30 MHz
toL Clock low period 30 22 ns
tcH Clock high period 30 13 ns
Hold Times?
tH Any input 0 -3 ns
Setup Times?
tsAB A, B, setup time?: 3, 4 90 65 ns
toL t30  |toLt 15 ns
tseD B destination setup time2, 3, 4 tgL+15 jtoLt+5 ns
tsp D input setup time 60 45 ns
tscn Cn input setup time 50 35 ns
tsio12 ALU source control setup time 80 60 ns
tgi345 ALU function setup time 75 58 ns
tsig78 ALU destination control setup time5 tcL+25 |tcLt15 ns
tgs RAMj,, input setup time 30 20 ns
Qa0 15 10

NOTES

1. Setup and hold times are defined relative to the clock low-to-high edge. Inputs must be steady at all
times from the setup time prior to the clock until the hold after the clock. The setup times allow
sufficient time to perform the correct operation on the correct operation on the correct data so that
the correct ALU data can be written into one of the registers.

2. Ifthe B address is used as a source operand, aliow for the A, B source setup time; if it is used only for

the destination address, use the B dest. setup time

. Where 2 numbers are shown, both must be met.

4. tcL is the clock low time.

w
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2805

PROPAGATION DELAYS (ns) C| =15pF Tp =0° to +70°C, VoG = 5.0V = 5%

N2901-1 - |

To o F=0 SHIFT
From Output Y |F;|Cph+4|G,P|RL=|OVR | OUTPUTS
Input 470 RAM Q
Clock 60 |55 45 50 65 50 65 45
A B 75 65 60 70 80 | 60 80 s
D (arithmetic mode) 40 30 30 40 55 40 85 —
D(l = X837, logic mode) 40 30 — - 55 — 55 —
Cn 40 25 25 e 45 30 50 —
lo12 60 [50 | 45 |50 | 60 | 45 65 ==
l4s 55 |40 | 40 | 50 | 50 | 45 60 —
T8 30 — — - — e 45 45
OE Enable/Disable 25/30 | — - — | — — — =
A bypassing 45 | — _ - - - - .
ALU (I = 2xx)
TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PROPAGATION DELAY TIMES
av INPUT
-ty oo
POINT Vee T 0¥ IN PHASE
tSETUP = HOoLD OUTPUT
———3V
DATA
seewore H ORI
s1
ot sz vorea)
ENABLE AND DISABLE TIMES
THREE-STATE OUTPUTS
Cy = 15pF OUTPUT
(SEE NOTE 1) CONTROL 3v
(LOW-LEVEL 1.3V
-{ ENABLING) RN A ov
S2 t,
= = ZL_.1 ~4.5V S1 AND S2 CLOSED
WAVEFORM 1 g; ‘C)E(EJ,;'E DM E_r_r__ 3;5‘/
ZH tHZ O.iV 0.5v
% ————VoH
WAVEFORM 2 51 SLOSED, 1 3v ~15V
=m0V $1 AND S2 CLOSED
NOTES

1. CL includes probe and jig capacitance
2. All diodes 1N916 or 1N3064.
3. RL=2K

SiNOLES
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VOLTAGE WAVEFORMS (Contd) TA=0°Cto+70°C, Ve = 5.0V £ 5%

MINIMUM CYCLE TIMES FROM INPUTS

|e————— L ————p
o A +
30
90 0 ]
AB
60 - 0 —
D
2 80 >0
1
50 >0 —ad
Cn

Numbers Shown Are Minimum Data Stable
Times for 2901-1, DC, in ns.

SWITCHING WAVEFORMS FOR 16-BIT SYSTEM

S R R

4N0TE4,<_30-> l‘Ang

A, B D, 1

-— 70—

G, POUTPUTS

— | 10 | -— NOTES 5, 7

CnTO 29011 W
Ch+a

F=0
F3

OVR

SHIFT OUTPUTS

<+—— 45 NOTE 7 —

————— i

-~ 50—

<= NOTE 6 —s
SHIFT INPUTS
<+ 30ns >
SET-UP
Assuming A, B, D, and | are all Driven from Registers with the same Propagation Delay, Clocked by the 2901-1 Clock.
NOTES

4. This delay is the max. tpd of the register containing A, B, D, and |

5. 10ns for lookahead carry. For ripple carry over 16 bits use 2 x (Cn —Cn + 4),

6. This is the delay associated with the multiplexer between the shift outputs and shift inputs on the
2901-1s. Normally applicable only for double length or circular shifts

7. Not applicable for logic operations.
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INTRODUCTION

The 2 components of the Series 3000 chip
set, when combined with industry standard
memory and peripheral circuits, allows the
design engineer to construct high-
performance processors and/or controllers
with a minimum amount of auxillary logic.
Features such as the multiple independent
address and data buses, tri-state logic, and
separate output enable lines eliminate the
need for time-multiplexing of buses and
associated hardware.

Each Central Processing Element repre-
sents acomplete 2-bit slice through the data
processing section of a computer. Several
CPEs may be connected in paralleltoforma
processor of any desired word length. The
Microprogram Control Unit controls the
sequence in which microinstructions are
fetched from the microprogram memory
(ROM/PROM), with these microinstruc-
tions controlling the step-by-step operation
of the processor.

Each CPE contains a 2-bit slice of 5 inde-
pendent buses. Although they can be used

in a variety of ways, typical connections are:

Input M-bus: Carries data from external
memory

Input I-bus: Carries data from input/output
device

Input K-bus: Used for microprogram mask or

literal (constant) value input
Connected to CPE Memory
Address Register

Connected to CPE accumulator.

Output A-bus:

Output D-bus:

As the CPEs are paralleled together, all
buses, data paths, and registers are corre-
spondingly expanded.

The microfunction input bus (F-bus) con-
trols the internal operation of the CPE,
selecting both the operands and the opera-
tion to be executed upon them. The arith-
metic logic unit (ALU), controlled by the
microfunction decoder, is capable of over
40 Boolean and binary operations as out-
lined in the Function Description section
of the N3002 data sheet. Standard car-
ry look-ahead outputs (X and Y) are gener-
ated by the CPE for use with industry stand-

ard devices such as the 745182.

A typical processor configuration is shown
in Figure 1. It should be remembered that in
working with slice-oriented microproces-
sors, the final configuration may be varied
to enhance speed, reduce component
count, or increase data-processing capabil-
ity. One method of maximizing a proces-
sor's performance is called pipelining. To
accomplish this, a group of D-type flip-flops
or latches (such as the 74174 Hex D-type
Flip-Flop) are connected to the micropro-
gram memory outputs (excluding the add-
ress control field AC4-ACg) to buffer the
currentmicroinstruction and allow the MCU
to overlap the fetch of the next instruction
with the execution of the current one. The
time saved in pipelining operations is the
shorter of either the address set-up time to
the microprogram memory (ROM/PROM)
or the access time of the ROM/PROM. A
convenient way of implementing pipelining
is to use ROMs with on-board latches, such
as the Signetics 82S5115.

MICROCOMPUTER BLOCK DIAGRAM

1/O CONTROL MEMORY ADDRESS BUS DATA BUS
> F0-6 A OUTPUTS D OUTPUTS
XY PG
MICRO > K-ANPUTS 745182
PROGRAM CPEs i Cnti
MEMORY N3002s cn  Cn+i®*
(825115) ﬂ L
*cl
RO
A0-8 1-INPUTS M-INPUTS
ACO-6
Mcu
N3001
Fo ===
SX0-3 F1
PX47 FCO-3 —

FROM I/0O DEVICES
Figure 1

DATA IN FROM MEMORY

*Carry-in of first stage
**Carry-out of last stage
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Figure 2 shows a typical microinstruction
format using the 82S114 PROMSs contained
in the Signetics 3000 Microprocessor De-
signer’s Evaluation Kit. Although this parti-
cular example is for a 48-bit word (6
PROMSs), the allocation of bits for the mask
(K-bus) and optional processor functions
depends on the specific application of the
system and the trade offs which the design-
er wishes to make.

In using the K-bus, it should be keptin mind
that the K inputs are always ANDed with the
B-multiplexer outputs into the ALU. Bit
masking, frequently done in computer con-
trol systems, can be performed with the
mask supplied to the K-bus directly from the
microinstruction.

By placing the K-bus in either the all-one or
all-zero condition (done with a single con-
trol bit in the microinstruction), the accu-
mulator will either be selected or de-
selected, respectively, in a given operation.
This feature nearly doubles the amount of
microfunctions in the CPE. A description of
these various microfunctions can be found
in the N3002 data sheet under the heading
Function Description by referring to the K-
bus conditions of all-ones (11) and all-zeros
(00).

The MCU controls the sequence in which
microinstructions are fetched from the mi-
croprogram memory (ROM/PROM). In its
classical form, the MCU would use a next-
address field in each microinstruction.
However, the N3001 uses a modified classi-
cal approach in which the microinstruction
field specifies conditional tests on the MCU
bus inputs and registers. The next-address
logic of the MCU also makes extensive use
of a row/column addressing scheme,
whereby the next address is defined by a 5-
bit row address and 4-bit column address.
Thus, from a particular address location, it
is possible to jump unconditionally to any
location within that row or column, or con-
ditionally to other specified locationsin one
operation. Using this method, the processor
functions can be executed in parallel with
program branches.

As an example of this flexibility, let us as-
sume a disk controller is being designed. As
part of the sequence logic, 3 bits of the disk
drive status word must be tested and all 3
must be true in order to proceed with the
particular sequencing operation. In any
sequencing operation using a status word
for conditional branch information, there
are innumerable combinations of bits which
must be tested throughout the sequencing
operation. Using discrete logic techniques,
this would involve several levels of gating.

However, the entire operation can be done

26

TYPICAL MICROINSTRUCTION FORMAT

USER-DEFINABLE FUNCTION FIELDS STANDARD FUNCTION FIELDS

A
v ik N

47 44]43 40§39 36l35  32[31  28]27 24|23 2019 _16[15 _ 12]11 8]7 4]3 0

USER CPE. JUMP FLAG

DEFINED MASK OR OPTIONAL FUNCTION FUNCTION | LOGIC
FUNCTIONS PROCESSOR FUNCTIONS (Fo-Fg) (ACg-ACg) |FUNCTION
(FCo-FC3)

e
Note: TO N3002 TO N3001

The mask field need only be used during masking operations.
At other times, it is entirely user definable.

Figure 2

SYSTEM TIMING—NON-PIPELINED CONFIGURATION

151ns——>‘

ju|

17ns

CLOCKT
—*«f 36ns’<——-

MICROPROGRAM X
MEMORY ADDR
(MAO0-8)

H:I

50ns |48ns|

ROM
OUTPUT X

X
——-I 40ns |-7
N3002

DATA OUT X
(D-BUS)

s

Figure 3

in two microinstructions. First, the mask (K-
bus) field in the microinstruction format is
encoded with a one for each corresponding
status bit to be tested and a zero foreach bit
to be discarded. The status word is input via
the I-bus and ANDed with the K-bus mask
using the CPE microfunction operation
from F-Group 2, R-Group IIl. Assuming we
are using low-true logic (true = 0 volts),
we now test the result, which is located in
the accumulator AC, for all zeros using the
CPE microfunction operation from F-Group
5, R-Group Ill. Depending on the zero/non-
zero status of AC, a one or zero will be
loaded into the carryout CO bit. This bitcan
now be used as a condition for the next
address jump calculation within the N3001
MCU. If the AC was zero (status word was
true), we will jump to the next address within
our controller sequence. If the AC was non-
zero (status word not true), then a jump
would be made back to the beginning of this
2-microinstruction loop and the test se-
quence repeated until the status word (all 3
bits) is true.

Figure 3 shows a typical timing diagram for
a system operating in the non-pipelined
mode. Keep in mind that the maximum
clock rate is dependent upon the total of
propagation delay times plus required set-
up times. It is at the designer’s discretion to
resolve the speed versus complexity trade-
offs.

Sifnotics



ERIES 3000

ABSOLUTE MAXIMUM RATINGS

TEST LOAD CIRCUIT

PARAMETER N3001/N3002 $3001/53002 UNIT
\%
Temperature under bias 0 to +70 -55 to +125 °C o
Storage temperature -60 to +160 -65 to +150 A6
All output and supply voltages -0.5to +7 -0.5to +7 \Y 500
All input voltages -1.0 to +5.5 -1.0to +56.5 Vv
Output currents 100 100 mA ouT
*NOTE
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the 50pf == %
device. This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of the specification is notimplied. Exposure to absolute
maximum ratings for extended periods may affect device reliability. J_
NOTE: Al resistor values are typical and in ohms
TEST CONDITIONS:
Input pulse amplitude of 2.5 volts
Input rise and fall times of 5ns between 1 volt and 2 volts
Output load of 10mA and 50pF
Speed measurements are taken at the 1.5 volt level
DC ELECTRICAL CHARACTERISTICS N3001/N3002 Ta =0°Cto +70°C
S3001/S3002 Tp = -55°C to +125°C
N3001/N3002 $3001/83002
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Input voltage
ViL Low level Vgg = 5.0V 0.8 0.8 "
Vi High level Vge = 5.0V 2,0 2.0 v
Vic Clamp Vg = 475V, I = -5mA -0.55 | -1.0 -08 | -12 | Vv
Output voltage
VoL Low level Vgg = 475V, IoL = 10mA 0.35 | 0.45 035 | 045 | V
VoH High level Vog =475V, IoH = -1TmA 24 3.0 24 3.0 \Y
mA, - mAg, ISE, FO
Input current
I Load N3001 Vee = 5.25V, VE = 0.45V
CLK input -0.21 | -0.75 -0.21 | -0.75 | mA
EN input -0.12 | -0.50 -0.12 | -0.50 | mA
All other inputs -0.05 | -0.25 -0.05| -0.25 | mA
I Load N3002 Voo =5.25V, VE = 0.45V
Fo-Fs, CLK, Ko, Ky, EA, ED -0.05 | -0.25 -0.05 | -0.25 | mA
lo, 11, Mg, My, LI -085| -1.5 -085| -15 | mA
Cl -23 | -40 -23 | -4.0 mA
IR Input leakage N3001 Vgog =5.25, VR = 5.25V VR =55V
CLK input 120 120 LA
EN input 80 80 MA
All other inputs 40 40 MA
IR Input leakage N3002 Vce = 5.25V, VR = 5.25V
Fo-Fs, CLK, Ko, K5, EA, ED 40 40 UA
lo, 11, Mo, My, LI 60 60 MA
Output current Cl 180 180 MA
los Short circuit Voo = 5.0V »
mA; - mAg, ISE, FO -15 -28 -60 -15 -28 -60 mA
o Off-state Vg = 5.25V
(off) PR, - PR,, MA, - MA,, FO
VouT = 0.45V -100 -100 | A
mA, - mAg, FO Vour = 5.5V
VouT = 5.25V +100 +100 | WA
lcc Power supply current N3001 Vce = 5.25V2 170 240 170 250 mA
Power supply current N3002 145 190 145 210 mA
NOTES
1. SN3001 typical values are for T = 25°C, Vg = 5.0V
2. SN3002 EN input grounded, all other inputs and outputs open.
SN3002 CLK input grounded, other inputs open.
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INTRODUCTION

Signetics family of Bipolar Bit Slice Micro-
processor products consists of the 8X02
Control Store Sequencer, the 3001 micro-
program control unit (MCU), the 2901-1
four bit central processing element and the
3002 two bit central processing element.
These devices, all manufactured with low
power Schottky technology, can be readily
and efficiently interfaced with all other in-
dustry standard components, including the
7400, 74LS, 74S and Signetics’ 82S and 8T
families.

Figure 1 is a generalized functional block
diagram of a typical Bipolar Microprocessor
based system. This applications memo
categorizes various components that can be
used to implement each of the major func-
tional blocks shown in Figure 1.

THE PROCESSING SECTION
The Processing Section of a computer, or
“smart” controller, as shown in Figure 2,
provides facilities for the transfer of data,
logical and arithmetic manipulation of data,
and temporary storage of data, address and
status information. Cache memories are
frequently used to enhance system perfor-
mance by providing immediately available
information and data to the CPU at high
speed.

Signetics devices that can be used to imple-
ment the Processing Section of the CPU or
controller are listed below in Tables 1 and 2.

BLOCK DIAGRAM OF TYPICAL BIPOLAR MICROPROCESSOR SYSTEM

DATA BUS

INPUT/OUTPUT
INTERFACE

1/0 DEVICE

TIMING
GENERATION
AND
MISCELLANEOUS
CONTROL

(—

CONTROL

ADDRESS BUS

PROCESSING
SECTION

MEMORY
INTERFACE

MAIN MEMORY

CONTROL

SZ

CONTROL

CONTROL SECTION

Figure 1

DEVICE DESCRIPTION
2901-1 4-Bit Register and ALU
Central Processing Element
N3002 Central Processing Element
745182 Carry-Look-Ahead Generator

Table 1 ALU, GENERAL PURPOSE
REGISTERS, AND CARRY-LOOK-AHEAD

CIRCUITS
DEVICE DESCRIPTION
3101A RAM (16 words by 4 bits)
82825 Write-While-Read RAM

(32 words by 2 bits)

82525 RAM (16 words by 4 bits)
82509 RAM (64 words by 9 bits)
825116/117 RAM (256 words by 1 bit)
74S200/201 RAM (256 words by 1 bit)
748301 RAM (256 words by 1 bit)
93415A RAM (1024 words by 1 bit)
93425A RAM (1024 words by 1 bit)
82S10/11 RAM (1024 words by 1 bit)

THE PROCESSING SECTION

GENERATION
AND
MISCELLANEOUS

oL

PROCESSING
SECTION

Figure 2

Table 2 HIGH SPEED BIPOLAR
CACHE MEMORIES
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THE CONTROL SECTION

The Control Section logic as shown in Fig-
ure 3, handles most, if not all, of the control
functions. These functions are typified by
as decoding macro-
instructions, testing of hardware or pro-
gram status, initializing memory and 1/0O
operations, manipulating data, and sam-
pling and responding to external and inter-
nal interrupts. These control functions are
implemented by executing asingle microin-
struction or a series of microinstructions.
Through microprogramming, a structured

operations

such

form of control can be realized.

Reference Tables 3 through 6 for hardware

selection.
DEVICE DESCRIPTION
825100/101 | Field Programmable Logic Array
(FPLA)
82S102/103 | Field Programmable Gate Array
NOTE

In addition to the FPLA, all ROMs and PROMs listed below
under Conditional Test and Branch Decoding and Micro-

program Memory can also be used

Table 3 MACRO INSTRUCTION

THE CONTROL SECTION

UT OUTPUT
INTERFACE

INTERFACE

GENERATION

MISCELLANEOUS

CONTROL SECTION

B SRR IIIR0000000

Figure 3

DECODING

DEVICE DESCRIPTION
825123 PROM (32 words by 8 bits)
82823 PROM (32 words by 8 bits)
825229 PROM (256 words by 4 bits)
825226 ROM (256 words by 4 bits)
82S129 PROM (256 words by 4 bits)
825126 PROM (256 words by 4 bits)
82S27 PROM (256 words by 4 bits)

Table 4 CONDITIONAL TEST AND
BRAND DECODING

DEVICE DESCRIPTION
825130 PROM (512 words by 4 bits)
825131 PROM (512 words by 4 bits)
82S114 PROM with output latches
(256 words by 8 bits)
825214 ROM with output latches
(256 words by 8 bits)
825215 ROM with output latches
(512 words by 8 bits)
825230/231 ROM (512 words by 4 bits)
8228 ROM (1024 words by 4 bits)
828115 PROM with output latches
(512 words by 8 bits)
82S136/137 PROM (1024 words by 4 bits)
82S236/237 ROM (1024 words by 4 bits)
825280/281 ROM (1024 words by 8 bits)
82S184/185 PROM (2048 words by 4 bits)
825284/285 ROM (2048 words by 4 bits)

DEVICE DESCRIPTION
N3001 Microprogram Control Unit
(512-word addressability)
8X02 Control Store Sequencer
(1024-word addressability)
NOTE

In addition, all ROMs and PROMs listed in Conditional Test

and Branch Decoding can also be used

Table 5 MICROPROGRAM

SEQUENCING

Table 6 MICROPROGRAM MEMORY

Sifnotics
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1/0 INTERFACE LOGIC

There are many different types of bus struc-
tures (see Figure 4). To save hardware and
the number of signal lines, the use of a
bidirectional bus is an excellent solution for
handling the data bus problem, while a tri-
state bus structure is ideal for the address
bus, (see Table 7). In many instances, when
systems of different logic families need to
be interfaced with each other, logic level
translators are required, (see Table 8).

DEVICE DESCRIPTION

8T26A Tri-state, inverting quad bus
transceiver.

8728 Tri-state, non-inverting quad
bus transceiver.

8T31 Tri-state 8-bit bidirectional
1/0 port.

8T09 Tri-state quad bus driver
(40mA), with individual
enable/disable

8T10 Tri-state quad D-type bus (FF)
with high drive capability

8T13 Dual-line driver

8T14 Triple line receiver with
hysteresis

8T15 Dual Communications EIA/MIL
line driver

8T16 Dual Communication EIA/MIL
line receiver with hysteresis.

8T23 Dual-line driver

8724 Triple-line receiver with
hysteresis

8T38 Quad bus transceiver

8T95 Tri-state, non-inverting hex
buffer

8T96 Tri-state, non-inverting hex
buffer

8T97 Tri-state, inverting hex
buffer

8T98 Tri-state, inverting hex
buffer

8T100 Quad differential line drivers

8T110 Quad differential line receivers

Table 7 BUS BUFFERS AND DRIVERS

30

INPUT/OUTPUT
INTERFACE

TIMING
GENERATION

F'i'gure 4

DEVICE DESCRIPTION

10124 Quad TTL-to-ECL driver

10125 Quad ECL-to-TTL receiver

8T80 Quad gate TTL to High-
voltage

8T90 Hex buffer TTL to High-
voltage

8T25 MOS-to-TTL translator

8T18 High-voltage to TTL

Table 8 LOGIC LEVEL TRANSLATORS

sinotics




MEMORY INTERFACE AND
MAIN MEMORY

When dynamic MOS memory devices are
used as main memory, see Figure 5, amem-
ory refresh scheme will be needed. Usually
sense amplifiers, address and data buffers,
and parity generators and checkers are
considered as part of the memory interface
logic, (see Table 9-12).

DEVICE DESCRIPTION

7520 Dual core-memory sense
amplifiers

7521 Dual core-memory sense
amplifiers

7522 Dual core-memory sense
amplifiers

7523 Dual core-memory sense
amplifiers

7524 Dual core-memory sense
amplifiers

7525 Dual core-memory sense
amplifiers

3207A-1 Quad TTL-MOS clock drivers

3207A Quad TTL-MOS clock drivers

8T09 Tri-state quad bus driver

8T380 Tri-state bus receiver,
with:

8T25 Tri-state dual sense
amplifier/latch

Table 9 SENSE AMPLIFIERS AND

DRIVERS
DEVICE DESCRIPTION
8262 9-bit parity
74180 8-bit parity

Table 10 PARITY GENERATOR AND

CHECKER
DEVICE DESCRIPTION
8281 Binary counter
8291 Binary counter
74123 Dual one-shot
82S33 Quad 2-to-1 multiplexer
82534 Quad 2-to-1 multiplexer
Table 11 MEMORY REFRESH LOGIC
DEVICE DESCRIPTION
1103 1K (1024X1) RAM
1103-1 1K (1024X1) RAM
2602-1 1K (256X4) RAM,
static
2606 1K (256X4) RAM,
static
2102 1K (1024X1) RAM
2680 4K (4096X1) RAM
2660 4K (4096X1) RAM

Table 12 MOS MEMORY

NPUT/OUTPUT
INTERFACE

TIMING
GENERATION
AND
MISCELLANEOUS
CONTROL

MEMORY
INTERFACE

MAIN MEMORY

Figure 5

: INPUT/OUTPUT
INTERFACE

TIMING
GENERATION
AND
MISCELLANEOUS
CONTROL

MEMORY
INTERFACE

Figure 6

TIMING GENERATION AND DESCHIPTION
MISCELLANEOUS CONTROL e
Most timing generation requirements as 74123 Dual-monostable multivibrator
shown in Figure 6 can be met by using a 9602 Dual-monostable multivibrator
one-shot (retriggerable monostable multivi- 745194 4-bit bidirectional universal
brator). If a multiple-phase clocking system shifi register )
is required, additional shift registers may be raE19 4’?29?3:!6"3%955 St
used. 745178 4-bit shift register

748179 4-bit shift register

Sinotics
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S/N3001-1
DESCRIPTION FEATURES PIN CONFIGURATION
The S/N3001 MCU is 1 element of abipolar e Schottky TTL process
microcomputer set. When used with the e 45ns cycle time (typ.) | PACKAGE
S/N3002, 54/745182, ROM or PROM mem- e Direct addressing of standard bipolar ] [ vee
ory, a powerful microprogrammed com- PROM or ROM = 5 aco
puter can be implemented. ® 512 microinstruction addressability =0l 5 ac
° . . n: 63 1
The 3001 MCU controls the fetch sequence Advan.ced' R . 5] acs
it ) : 9-bit microprogram address register =
of microinstructions from the micropro- 3 [Heo
. and bus organized to address memory
gram memory. Functions performed by the by row and column —
3001 ingiude: 4-bit program latch 4] wag
e Maintenance of microprogram address register 2-flag registers (5] ma,
e Selection of next microinstruction address e 11 address control functions: [ was
e Decoding and testing of data supplied via 3 jump and test latch function — =
several input buses 16 way jump and test instruction . )
* Saving andtesting of carry outputdatafromthe  J 8-flag control functions: eRo [ =] Maa
central processing (CP) array 43 . tf i ; @ [5]Ma0
* Control of carry/shift input data to the CP array ag nput func! |o.ns — -
e Control of microprogram interrupts 4 flag output functions - :
[ [ mas
FCy E :] N
¥ [ [1] ace
BLOCK DIAGRAM
FO MA8 MA7 MA6 MA5 MA4 MA3 MA2 MAT MAO
0O 0 0 0 O [ele]
ERA O- i ) ROW COLUMN
OUTPUT ouTPUT
ENO- I
FCOO- c3
FC10 FLAG " FLAGS
CONTROL
FC20— T
FC30——
ADDRESS REGISTER
i LA;CH
9
LDO —O ISE
CLK O—4 l
Vec O—
GNDO NEXT ADDRESS CONTROL
ACOO- 1
Y
AC10— O PRO
AC2 O— LAPTRCH | 3 JST QR
AC3O —O PR2
AC4O-
AC5O—
AC6 O—
PX7 PX6 PX5 PX4 SX3 SX2 SX1 5X0
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$/N3661

S/N3001-|

PIN DESIGNATION
PIN

SYMBOL
1-4 PX,-PX;

NAME AND FUNCTION TYPE

Primary Instruction Bus Inputs Active low
Data on the primary instruction bus is tested by the JPX function to
determine the next microprogram address.

Secondary Instruction Bus Inputs

Data on the secondary instruction bus is synchronously loaded into the
PR-latch while the data on the PX-bus is being tested (JPX). During a
subsequent cycle, the contents of the PR-latch may be tested by the JPR,
JLL, or JRL functions to determine the next microprogram address.
PR-Latch Outputs

The PR-latch outputs (SX,-SX;) are synchronously enabled by the JCE function.
They can be used to modify microinstructions at the outputs of the
microprogram memory or to provide additional control lines.

Flag Logic Control Inputs

The flat logic control inputs are used to cross-switch the flags (C and Z)
with the flag logic input (FI) and the flag logic output (FO).

Flag Logic Output

The outputs of the flags (C and Z) are multiplexed internally to form the
common flag logic output. The output may also be forced to a logical

0 or logical 1.

Flag Logic Input

The flag logic input is demultiplexed internally and applied to the inputs
of the flags (C and Z). Note: The flag input data is saved in the F-latch
when the clock input (CLK) is low.

Interrupt Strobe Enable Output

The interrupt strobe enable output goes to logical 1 when one of the

JZR functions are selected (see Functional Description). It can be used

to provide the strobe signal required by interrupt circuits.

Clock Input

Ground

Next Address Control Function Inputs

All jump functions are selected by these control lines.

Enable Input

When in the high state, the enable input enables the microprogram
address, PR-latch and flag outputs.

Microprogram Column Address Outputs

Microprogram Row Address Outputs

Enable Row Address Input

When in the low state, the enable row address input independently
disables the microprogram row address outputs. It can be used to facilitate
the implementation of priority interrupt systems.

Microprogram Address Load Input

When the active high state, the microprogram address load input inhibits
all jump functions and synchronously loads the data on the instruction
buses into the microprogram address register. However, it does not inhibit
the operation of the PR-latch or the generation of the interrupt strobe enable.
+5 Volt supply

5,6,8,10 SX;-5X3 Active low

79,11 PR,-PR; Open Collector

12,13
15,16

FCy-FCsy Active high

14 FO Active low

Three-state

17 Fi Active low

18 ISE Active high

19 CLK
20 GND
21-24 ACy-ACs
37-39

Active high

26-29 MA,-MA,
30-34 MA,-MAg
35 ERA

Three-state
Three-state
Active high

36 LD Active high

40 Vee

The MCU utilizes a two-dimensional ad-

THEORY OF OPERATION

The MCU controls the sequence of microin-
structions in the microprogram memory.
The MCU simultaneously controls 2 flip-
flops (C, Z) which are interactive with the
carry-in and carry-out logic of an array of
CPEs.

The functional control of the MCU provides
both unconditional jumps to new memory
locations and jumps which are dependent
on the state of MCU flags or the state of the
“PR” latch. Each instruction has a “jump
set” associated with it. This “jump set” is the
total group of memory locations which can
be addressed by that instruction.

LT L H:

dressing scheme in the microprogram mem-
ory. Microprogram memory is organized
as 32 rows and 16 columns for a total of 512
words. Word length is variable according to
application. Address is accomplished by a
9-bit address organized as a 5-bitrow and 4-
bit column address.
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ADDRESSING ORGANIZATION

MA4-MA8

}4— 16 COLUMNS %—«»l

MAO0—-MA3

FUNCTIONAL DESCRIPTION

The following is a description of each of the
eleven address control functions. The sym-
bols shown below are used to specify row
and column addresses.

MNEMONIC FUNCTION

5-bit next row address
where n is the decimal
row address.

rown

4-bit next column address
where n is the decimal
column address.

coln

Unconditional Address

Control (Jump) Functions

The jump functions use the current micro-
program address (i.e., the contents of the
microprogram address register prior to the
rising edge of the clock) and several bits
from the address control inputs (ACO-AC6)
to generate the next microprogram address.

Flag Conditional Address

Control (Jump Test)

Functions

The jump/test flag functions use the current
microprogram address, the contents of the
selected flag or latch, and several bits from
the address control function to generate the
next microprogram address.
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JUMP FUNCTION TABLE

MNEMONIC

NAME AND FUNCTION

JCC

JZR

JCR

JCE

Jump in current column. AC,-AC, are used to select 1 of 32 row ad-
dresses in the current column, specified by MA,-MA;, as the next
address.

Jump to zero row. AC,-AC; are used to select 1 of 16 column addresses
in row,, as the next address.

Jump in current row. AC,-AC; are used to select 1 of 16 addresses in the
current row, specified by MA,-MAg, as the next address.

Jump in current column/row group and enable PR-latch outputs. ACy-
AC, are used to select 1 of 8 row addresses in the current row group,
specified by MA;-MAg, as the next row address. The current column is
specified by MA,-MA;. The PR-latch outputs are asynchronously en-
abled.

JUMP/TEST

FUNCTION TABLE

MNEMONIC

NAME AND FUNCTION

JFL

JCF

JZF

JPR

JLL

JRL

JPX

Jump/test F-latch. ACy-AC; are used to select 1 of 16 row addresses in
the current row group, specified by MAg, as the next row address. If the
current column group, specified by MAg, is colg-col;, the F-latch is used
to select col, or colz as the next column address. If MA; specifies column
group colg-colys, the F-latch is used to select col;q or coly; as the next
column address.

Jump/test C-flag. AC,-AC, are used to select 1 of 8 row addresses in the
current row group, specified by MA; and MAg, as the next row address. If
the current column group specified by MA; is cols-col,, the C-flag is
used to select col, or col; as the next column address. If MA; specifies
column group colg-colys, the C-flag is used to select col,, or coly; as the
next column address.

Jump/test Z-flag. Identical to the JCF function described above, except
that the Z-flag, rather than the C-flag, is used to select the next column
address.

Jump/test PR-latch. AC,-AC, are used to select 1 of 8 row addresses in
the current row group, specified by MA; and MAg, as the next row
address. The 4 PR-latch bits are used to select 1 of 16 possible column
addresses as the next column address.

Jump/test leftmost PR-latch bits. AC,-AC, are used to select 1 of 8 row
addresses in the current row group, specified by MA; and MAg, as the
next row address. PR, and PR; are used to select 1 of 4 column
addresses in col, through col; as the next column address.

Jump/test rightmost PR-latch bits. AC, and AC; are used to select10f4
high-order row addresses in the current row group, specified by MA;
and MAg, as the next row address. PR, and PR, are used to select 1 of 4
possible column addresses in coly, through colys as the next column
address.

Jump/test PX-bus and load PR-latch. ACyand AC, are used to select 1 of
4 row addresses in the current row group, specified by MAg-MAg, as the
next row address. PX,-PX; are used to select 1 of 16 possible column
addresses as the next column address. SX,-SX; datais locked in the PR-
latch at the rising edge of the clock.

SilnOtics




PX-Bus and PR-Latch

Conditional Address Control
(Jump/Test) Functions

The PX-bus jump/test function uses the
data on the primary instruction bus (PX,-
PX;), the current microprogram address,
and several selection bits from the address
control function to generate the next mi-
croprogram address. The PR-latch jump/
test functions use the data held in the PR-
latch, the current microprogram address,
and several selection bits from the address
control function to generate the next mi-
croprogram address.

Flag Control Functions

The flag control functions of the MCU are
selected by the 4 input lines designated
FCy-FCs. Function code formats are given in
“Flag Control Function summary.”

The following is a detailed description of
each of the 8 flag control functions.

Flag Input Control
Functions

FLAG CONTROL FUNCTION TABLE

S/N3001-1

MNEMONIC FUNCTION DESCRIPTION

SCz Set C-flag and Z-flag to FI. The C-flag and the Z-flag are both set to the
value of FI.

STZ Set Z-flag to FI. The Z-flag is set to the value of Fl. The C-flag is
unaffected.

STC Set C-flag to FI. The C-flag is set to the value of FI. The Z-flag is
unaffected.

HCZz Hold C-flag and Z-flag. The values in the C-flag and Z-flag are
unaffected.

FLAG OUTPUT CONTROL FUNCTION TABLE

MNEMONIC FUNCTION DESCRIPTION
FFO  Force FO to 0. FO is forced to the value of logical 0.
FFC Force FO to C. FO is forced to the value of the C-flag.
FFZ Force FO to Z. FO is forced to the value of the Z-flag.
FF1 Force FO to 1. FO is forced to the value of logical 1.

FLAG CONTROL FUNCTION SUMMARY

The flag input control functions select JIFE MNEMONIC DESCRIPTION FC, 4
which flag or flags will be set to the current SCz Set C-flag and Z-flag to f 0 0
value of the flag input (FT) line. Flag STZ Set Z-flag to f 0 1
Data on FT is stored in the F-latch when the gt TG Set C-flag to f } ?
clock is low. The content of the F-latch is HE2 Held C-flag and 2 flag
loaded into the C and/or Z flag on the rising
edge of the clock. TYPE MNEMONIC DESCRIPTION FC, 2
FFO Force FO to 0 0 0
Flag Output Control Functions Flag FFC Force FO to C-flag 1 0
The flag output control functions select the Output FFZ Force FO to Z-flag 0 1
value to which the flag output (FO) line will FF1 Force FO to 1 1 1
be forced.
LOAD
FUNCTION NEXT ROW NEXT COL
LD MAg 6 5 4 MA; 2 1 0
0 See Address Control Function Summary
1 0 X3 Xo X X X7 Xs Xs X4
NOTE
f = Contents of the F-latch xn = Data on PX- or SX-bus line n (active low)
ADDRESS CONTROL FUNCTION SUMMARY
FUNCTION NEXT ROW NEXT COL
MNEMONIC DESCRIPTION ACg 4 3 2 1 o | MAg 5 5 A MA; 1 0
JCC Jump in current column 0 0 dg d3 d, dy dp dy d; d, dy dp mg mp my mg
JZR Jump to zero row 0 1 0 dy d, dy dp 0 0 0 0 0 ds d, dy dp
JCR Jump in current row 0 1 1 ds 'd, dy dp Mg M; Mg Mg My ds d, dy dg
JCE Jump in column/enable 1 1 1 0 d, d;y dp mg m; d, dy dg mg M, my mg
JFL Jump/test F-latch 1 0 0 d; d, d; dg mg d; d, d;y do mg 0 1 f
JCF Jump/test C-flag 1 0 1 1 d, dy do| mg m; d, .dy dg| ms 0 1 c
JZF Jump/test Z-flag 1 0 1 1 d, di do| mg my; d, dy do| m 0 1 z
JPR Jump/test PR-latch 1 1 0 0 d, dy dg Mg m; d, d; d, Pa P2 Py Po
JLL Jump/test left PR bits 1 1 0 1 d; dy do| mg my, d, d, d, 0 1 pPs P2
JRL Jump/test right PR bits 1 1 1 1 1 d, dp mg m; 1 d; dp 1 1 p1  Po
JPX Jump/test PX-bus 1 1 1 1 0 dy do| mg m; mg d; dy X7 Xg X5 X4
NOTE Pn = Data in PR-latch bit n
dn = Data on address control line n xn = Data on PX-bus line n (active low)
mn = Data in microprogram address register bit n f.c.z = Contents of F-latch, C-flag, or Z-flag, respectively
35
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STROBE FUNCTIONS

The load function of the MCU is controlled
by the input line designated LD. If the LD
line is active high at the rising edge of the
clock, the data on the primary and second-
ary instruction buses, PX4-PX; and SXo-SX3,
is loaded into the microprogram address
register. PX,-PX; are loaded into MA,-MA;
and SX,-SX; are loaded into MA,-MA;. The
high-order bit of the microprogram address
register MAg is set to a logical 0. The bits
from the primary instruction bus select 1 of
16 possible column addresses. Likewise,
the bits from the secondary instruction bus
select 1 of the first 16 row addresses.

The MCU generates an interrupt strobe
enable on the output line designated ISE.
The line is placed in the active high state
whenever a JZR to colys is selected as the
address control function. Generally, the
start of a macroinstruction fetch sequence
is situated at row, and col;s so the interrupt
control may be enabled at the beginning of
the fetch/execute cycle. The interrupt con-
trol responds to the interrupt by pulling the
enable row address (ERA) input line low to
override the selected next row address from
the MCU. Then by gating an alternative next
row address on to the row address lines of
the microprogram memory, the micropro-
gram may be forced to enter an interrupt
handling routine. The alternative row ad-
dress placed on the microprogram memory
address lines does not alter the contents of
the microprogram address register. There-
fore, subsequent jump functions will utilize
the row address in the register, and not the
alternative row address, to determine the
next microprogram address.

Note, the load function always overrides the
address control function on AC,-ACs. It
does not, however, override the latch enable
or load sub-functions of the JCE or JPX
instruction, respectively. In addition, it does
not inhibit the interrupt strobe enable or any
of the flag control functions.

JUMP SET DIAGRAMS

The following 10 diagrams illustrate the
jump set for each of the 11 jump and jump/
test functions of the MCU. Location 341
indicated by the circled square, represents 1
current row (row,;) and current column
(cols) address. The dark boxes indicate the
microprogram locations that may be select-
ed by the particular function as the next
address.
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JUMP SET DIAGRAMS

S/N3001-I

Jcc
JUMP IN CURRENT COLUMN

JZR
JUMP TO ZERO ROW

ROW31—»

coLy COLys

ROWg—>
ROW3q —» T
COTLO CURRENT COLq5
JPR JLL
JUMP/TEST PR-LATCH JUMP/TEST LEFT LATCH
ROW) —»

CURRENT
ROW
GROUP

Mg 7
10

!

coly 9oty
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S/N3001-I
JUMP SET DIAGRAMS (Cont'd)
JRL JPX JCR
JUMP/TEST RIGHT LATCH JUMP/TEST PX-BUS JUMP IN CURRENT ROW
ROWg—»>
CURRENJ_ Cl(J)RRENT_‘—
ROW
gg‘gup GROUP ggaﬂem_.
Mg76 Mg76
101 101
I A
ROW3q—»
coLy, Ot coLy COL4g
JCF, JZF
JCE JFL JUMP/TEST C-FLAG
JUMP COLUMN/ENABLE JUMP/TEST F-LATCH JUMP/TEST Z-FLAG
CURRENT CURRENT
COLUMN COLUMN
GROUP GROUP
M3=0 M3=0
CURRENT H CURRENT [
ROW - ROW B
GROUP L GROUP ||
Me1 CURRENT [ | i 1 ] ]
10 cusd n 10 . )
GROUP H =
— Mg L e =1
2 o
Y
T coLg(f=1) T ::0L3 (cz=1)
CURRENT COLUMN COL, (f=0) COL (c,2=0)
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N3001 T = 0°C to +70°C, Vg = 5.0V, + 5% S/N3001-I
AC ELECTRICAL CHARACTERISTICS 53001 T = -55°C to +125°C, Vg = 5.0V + 10%

PARAMETER N3001 S$3001
Min Typ? Max Min Typ! Max UNIT
tgy Cycle Time? 60 45 95 45 ns
thw Clock Pulse Width 17 10 40 10 ns
Control and Data Input Set-Up Times:
tge LD, ACy-AGs (Set to “17/%0") 20 3/14 20 3/14 ns
tsk FC,, FC, 7 5 10 5 ns
tgx PX4-PX; (Set to “17/0") 28 4/13 35 4/13 ns
tg) . FlI (Setto “1"/%0") 12 -6/0 15 -6/10 ns
tgx SXo-SXs 15 5 35 5 ns
Control and Data Input Hold Times:
tye LD, ACo-ACs (Hold to “17/%0”) 4 -3/-14 5 -3/-14 ns
thk FCo, FCy 4 -5 10 -§ ns
tyx PXePX; (Hold to “1"/0”) 0 -4/-13 25 -4/-13 ns
ty, Fl (Hold to “17/"0") 16 6.5/0 22 6.5/0 ns
tHX SXo-SX3 0 -5 25 -5 ns
tco Propagation Delay from Clock Input (CLK) to Outputs 17/24 36 10 17/24 45 ns
(mA;-mAg, FO) (tPHL/tPLH)
txo Propagation Delay from Control Inputs FC,and FCs to Flag 13 24 13 50 ns
Out (FO)
teo Propagation Delay from Control Inputs AC,-ACg to Latch 21 32 21 50 ns
Outputs (PRy-PRy)
teo Propagation Delay from Enable Inputs EN and ERA to 17 26 17 35 ns
Outputs (mA;-mAg, FO, PRy-PR5)
te| Propagation Delay from Control Inputs ACy,-ACg to 20 32 20 40 ns
Interrupt Strobe Enable Qutput (ISE)

NOTE

1. Typical values are for TA = 25°C and 5.0 supply voltage.
2. S3001: tCY = tWP + tSF + tCO
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S/N3001-1

VOLTAGE WAVEFORMS

CLK
CLOCK INPUT

oy |

SR S

EN, ERA |
ENABLE INPUTS

MAQ-MAg
CONTROL MEMORY
ADDRESS OUTPUTS !

HF 'Sk

ACq—ACg, LD
AD%RES CONTROL
INPUTS

te0

PRy—PR,
“PR” LATCH OUTPUTS

— tHK 'SK

FCo—FC3
FLAG CONTROL
INPUTS

FI
FLAG INPUT

<— KO0 +
=—tE0

R

fe—tcg—m——

FO 1
FLAG OUTPUT

~——1F)

ISE
INTERRUPT STROBE
ENABLE OUTPUT

tHX sx

SXg—PX7
INSTRUCTION
BUS INPUTS
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—CENTRALPROGESSING ELEMENT N300
S3002-1 e N3002-1,XL
DESCRIPTION FUNCTION TRUTH TABLE PIN CONFIGURATION
The N3002 Central Processing Element GE
(CPE) is one part of a bipolar microcom- FUNCTION \ ¥ RACRA
puter set. The N3002 is organized as a 2-bit GROUP Fe Fs Fq _
slice and performs the logical and arithmet- 0 0 0 0 ‘OE E]VCC
ic functions required by microinstructions. 1 0 0 1 TTE 7*,
A system with any number of bits in a data 2 0 1 0 o _
word can be implemented by using multiple 3 0 1 1 Ko E |26] F 1
N3002s, the N3001 microcomputer control 4 1 0 0 T‘E e,
unit, the N745182 carry look-ahead unitand 5 1 0 1
ROM or PROM memory. 6 1 1 0 x [5] [ Fs
7 1 1 1 o
FEATURES v €] 2|ED
e 45ns cycle time (typ) — s
e Easy expansion to multiple of 2 bits REGISTER o] el o
e 11 general purpose registers GROUP |REGISTER | F; F, F, Fy 7o 3] |y
e Full function accumulator _ o
e Useful functions include: 2? 8 g g ? o (o] [20]
2's complement arithmetic R, 00 1 0 EE ()56
Logical AND, OR, NOT, exclusive- R, 0 0 1 1 - -
NOR R4 0 1 0 0 EA (1 18|CLK
Increment, decrement Rs 0 1 0 1 T S1Fa
Shift left/shift right ! R 001 1 0
Bit testing and zero detection R, 0 1 1 1 e 16]Fs
Carry look-ahead generation Re 1 0 0 O [ .y
Masking via K-bus Re 1 0 0 1 6
Conditioned clocking allowing non- T 1 1.0 0
destructive testing of data in accumu- AC 1 1 0 1
lator and scratchpad
e 3 input buses 1" T 1.0 0
e 2 output buses AC 0 1
e Control bus T 1 1 1 0
I AC 57 9 9
BLOCK DIAGRAM
(12) (13 (20) (19)
4L -
r———"= I = S A
(115—0*’*~ outeuT outPuT Jﬁ"% (23
| |
| [ 1 l
| MEMORY |
: §§§§$§§ AC REGISTER :
| t t [
| — |
(5) XO—t | B
(6) YO— ARITHMETIC AND AIig:gc‘lmo)
(7) co LOGIC UNIT RO (8)
(9) Lt
(18) cLk o—0l [} [}

(28) VCCg:I
(14) GND

(15) F6 O———
S L o —
(17) Faq
- —
(27) F2
(26) Fq
o ] a—

FUNCTION
DECODER

MULTIPLEXER
A

MULTIPLEXER
B

I I ! 18
1
SCRATCHPAD
REGISTERS
Ro—Rg, T
Tt
___________________ -
o & T b% Kb bk
(21) (22) (2) (1) (4) (3)
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PIN DESIGNATION

S3002-1 e N3002-1,XL

PIN SYMBOL NAME AND FUNCTION TYPE

1,2 To-ly External Bus Inputs Active low
The external bus inputs provide a separate input port for external input devices.

3,4 Ko-K; Mask Bus Inputs Active low
The mask bus inputs provide a separate input port from the microprogram memory,
to allow mask or constant entry.

5,6 X, Y Standard Carry Look-Ahead Cascade Outputs Active high
The cascade outputs allow high speed arithmetic operations to be performed when they
are used in conjunction with the 745182 Look-Ahead Carry Generator

7 CcO Ripple Carry Out Active low
The ripple carry output is only disabled during shift right operations. Three-state

8 RO Shift Right Output Active low
The shift right output is only enabled during shift right operations. Three-state

9 [m] Shift Right Input Active low

10 Cl Carry Input Active low

11 EA Memory Address Enable Input Active low
When in the low state, the memory address enable input enables the memory
address outputs (Ag-Ay).

12-13 Ar-A, Memory Address Bus Outputs Active low
The memory address bus outputs are the buffered outputs of the memory Three-state
address register (MAR).

14 GND Ground

14-17, Fo-Fe Micro-Function Bus Inputs Active high

24-27 The micro-function bus inputs control ALU function and register selection.

18 CLK Clock Input

19-20 ETO-D—1 Memory Data Bus Outputs Active low
The memory data bus outputs are the buffered outputs of the full function Three-state

o accumulator register (AC).

21-22 Mo-M, Memory Data Bus Inputs Active low
The memory data bus inputs provide a separate input port for memory data.

23 ED Memory Data Enable Input Active low
When in the low state, the memory data enable input enables the memory
data outputs (Dg-Dy).

28 Vce +5 Volt Supply

SYSTEM DESCRIPTION

Microfunction Decoder and K-Bus
Basic microfunctions are controlled by a 7-
bit bus (Fo-Fg) which is organized into 2
groups. The higher 3 bits (F4-F) are desig-
nated as F-Group and the lower 4 bits (Fg-
F;) are designated as the R-Group. The F-
Group specifies the type of operation to be
performed and the R-Group specifies the
registers involved.

The F-Bus instructs the microfunction decoder to:
® Select ALU functions to be performed

e Generate scratchpad register address

e Control A and B multiplexer

The resulting microfunction action can be:
Data transfer

Shift operations

Increment and decrement

Initialize stack

Test for zero conditions

2's complement addition and subtraction
Bit masking

Maintain program counter

A and B Multiplexers

A and B multiplexers select the proper 2
operands to the ALU.

A multiplexer selects inputs from one of the
following:

® M-bus (data from main memory)

e Scratchpad registers

e Accumulator

B multiplexer selects inputs from one of the

following:

e |-bus (data from external I/O devices)

® Accumulator

e K-bus (literal or masking information from
micro-program memory)

Scratchpad Registers

e Contains 11 registers (Rg-Rg, T)

e Scratchpad register outputs are multiplexed to
the ALU via the A multiplexer

e Used to store intermediate results from arith-
metic/logic operations

e Can be used as program counter

Siljnotics

Arithmetic/Logic Unit (ALU)
The ALU performs the arithmetic and logic
operations of the CPE.

Arithmetic operations are:
e 2's complement addition
Incrementing
Decrementing

Shift left

Shift right

Logical operations are:
e Transfer

AND

Inclusive-OR
Exclusive-NOR
Logic complement

ALU operation results are then stored in the accu-
mulator and/or scratchpad registers. For easy
expansion to larger arrays, carry look-ahead out-
puts (X and Y) and cascading shift inputs (LI, RO)
are provided.
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Accumulator

® Stores results from ALU operations

¢ The output of accumulator is multiplexed into
ALU via the A and B multiplexer as one of the
operands

Input Buses

M-bus: Data bus from main memory

® Accepts 2 bits of data from main memory into
CPE

® |s multiplexed into the ALU via the A multi-
plexer

I-bus: Data bus from input/output devices

* Accepts 2 bits of data from external input/out-
put devices into CPE

e [s multiplexed into the ALU via the B
multiplexer

K-bus: A special feature of the N3002 CPE

e During arithmetic operations, the K-bus canbe
used to mask portions of the field being operat-
ed on

® Select or remove accumulator from operation
by placing K-bus in all “1"” or all “0” state re-
spectively

* During non-arithmetic operation, the carry cir-
cuit can be used in conjunction with the K-bus
for word-wise-OR operation for bit testing

e Supply literal or constant data to CPE

S3002-1 e N3002-1,XL

Output Buses

A-bus and Memory Address Register

® Main memory address is stored in the memory
address register (MAR)

e Main memory is addressed via the A-bus

e MAR and A-bus may also be used to generate
device address when executing 1/00 instruc-
instructions

® A-bus has Tri-State outputs

D-bus: Data bus from CPE to main memory or to

1/0 devices

e Sends buffered accumulator outputs to main
memory or the external 1/0 devices

e D-bus has Tri-State outputs

FUNCTION DESCRIPTION

DESCRIPTION

Logically AND AC with the K-bus. Add the result to R and
carry input (Cl). Deposit the sum in AC and R,.
Conditionally increment Ry and load the resultin AC. Used
to load AC from R, orto increment R, and load a copy of the
result in AC.

Add AC and ClI to R, and load the result in AC. Used to add
AC to a register. If Ry is AC, then AC is shifted left one bit
position.

Logically AND AC with the K-bus. Add the result to Cl and
the M-bus. Deposit the sum in AC or T.

Add Cl to M-bus. Load the result in AC or T, as specified.
Used to load memory data in the specified register, or to load
incremented memory data in the specified register.

Add the M-busto AC and Cl, and load the resultin ACor T, as
specified. Used to add memory data or incremented memory
data to AC and store the sum in the specified register.

None

Shift AC or T, as specified, right one bit position. Place the
previous low order bit value on RO and fill the high order bit
from the data on LI. Used to shift or rotate AC or T right one
bit.

Logically OR R, with the K-bus. Deposit the result in MAR.
Add the K-bus to Rn and Cl. Deposit the result in Rp.

Load MAR from Rp. Conditionally increment R,. Used to
maintain a macro-instruction program counter.
Set MAR to all ones. Conditionally decrement R, by one.

Used to force MAR to its highest address and to decrement
Rn.

F R K
GROUP | GROUP | Bus | NAME EQUATION
0 | XX — | Rp+ (AC AK) + Cl = Rp, AC
00 | ILR |Rp+CI=R ,AC
11 ALR | AC+Rp +Cl—= Rp, AC
0 I XX — | M+ (ACAK) + Cl = AT
00 | ACM | M+Cl—AT
11 | AMA | M+AC +Cl = AT
0 1 XX — | ATLA(L~KD = RO
LIv [(IgrKH)AATH] = ATH
[ATL A (IL ~ Kp)I
[ATH\/(IH /\KH)] <ATL
00 | SRA ATL -~ RO
ATH — AT
L= ATH
1 I XX — | KvRp- MAR
Ry +K+Cl—Rp
00 | LMI | Rn=MAR, Rn+Cl— Rn
11 | DSM | 11~ MAR, Rn-1+Cl— Rn
1 I XX — | KYVM = MAR
M+ K +Cl - AT
00 | LMM | M~ MAR, M +Cl— AT
11 | LDM | 11~ MAR
M-1+Cl—~AT

Logically OR the M-bus with the K-Bus. Deposit the resultin
MAR. Add the K-bus to the M-bus and CI. Deposit the sumin
ACorT.

Load MAR from the M-bus. Add CI to the M-bus. Deposit the
result in AC or T. Used to load the address register with
memory data for macro-instructions using indirect address-
ing.

Set MAR to all ones. Subtract one from the M-bus. Add ClI to
the difference and deposit the result in AC or T, as specified.
Used to load decremented memory data in AC or T.
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FUNCTION DESCRIPTION (Cont'd)

F R K
EQUATION DESCRIPTION
GROUP |GROUP| BUS SERE au
1 11 XX — (AT vK) + (AT ~K) + Cl = AT Logically OR the K-bus with the complement of AC or T, as

specified. Add the result to the logical AND of specified
register with the K-bus. Add the sum to Cl. Deposit the result
in the specified register.
00 CIA AT + Cl = AT Add ClI to the complement of AC or T, as specified. Deposit
the result in the specified register. Used to form the 1’s or2’s
complement of AC or T.

11 DCA AT -1+Cl— AT Subtract one from AC or T, as specified. Add CI to the
difference and deposit the sum in the specified register.
Used to decrement AC or T.

2 | XX — (ACAK)-1+Cl—-Rp Logically AND the K-bus with AC. Subtract one from the
result and add the difference to Cl. Deposit the sum in Rp.
00 CSR Cl-1-Rp Subtract one from Cl and deposit the difference in Rn. Used
(See Note 1) to conditionally clear or set Rp, to all 0’s or 1's, respectively.
11 SDR AC-1+Cl—Rp Subtract one from AC and add the difference to Cl. Deposit
(See Note 1) the sum in Rp. Used to store AC in Rp or to store the
decremented value of AC in Rp.
2 Il XX — (AC~K) -1+ Cl—= AT Logically AND the K-bus with AC. Subtract one from the
(See Note 1) result and add the difference to Cl. Deposit the sum in AC or
T, as specified.
00 CSA Cl-1-AT Subtract one from Cl and deposit the difference in ACorT.
(See Note 1) Used to conditionally clear or set AC or T.
= SDA AC-1+Cl—AT Subtract one from AC and add the difference to Cl. Deposit
(See Note 1) the sum in AC or T. Used to store AC in T, or decrement AC,
or store the decremented value of AC in T.
2 11 XX — (I~K)-1+Cl—- AT Logically AND the data of the K-bus with the data on the I-
(See Note 1) bus. Subtract one from the result and add the difference to
Cl. Deposit the sum in AC or T, as specified.
(e]e] CSA Cl-1-AT Subtract one from ClI and deposit the difference in ACor T.
Used to conditionally clear or set AC or T.
11 LDI I-1+Cl—=AT Subtract one from the data on the I-bus and add the differ-

ence to Cl. Deposit the sum in AC or T, as specified. Used to
load input bus data or decremented input bus data in the
specified register.

3 | XX — Rp + (AC~K) + Cl = Ry Logically AND AC with the K-bus. Add R, and ClI to the
result. Deposit the sum in Rp.
00 INR Rn+Cl=Rp Add Cl to Ry and deposit the sum in Rp,. Used to increment
11 | ADR AC +Rp + Cl = Rpy Rp-

Add ACtoRp,. Addtheresultto Cl and depositthesuminRn.
Used to add the accumulator to a register or to add the
incremented value of the accumulator to a register.

3 Il XX — M+ (AC~ K) + Cl = AT Logically AND AC with the K-bus. Add the result to C! and
the M-bus. Deposit the sum in AC or T.
(e]e] ACM M+ Cl - AT Add CI to M-bus. Load the result in AC or T, as specified.

Used to load memory data in the specified register, or to load
incremented memory data in the specified register.
11 AMA M+ AC + Cl — AT Add the M-busto AC and Cl, and load the resultin ACor T, as

specified. Used to add memory data orincremented memory
data to AC and store the sum in the specified register.

NOTE

1. 2's complement arithmetic adds 111.. .11 to per-
form subtraction of 000 . . . 01.
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FUNCTION DESCRIPTION (Contd)

F R K
Group | GrouP| BuS NAME EQUATION DESCRIPTION
3 1 XX = AT + (I~ K) + Cl = AT Logically AND the K-bus with the I-bus. Add CI and the
contents of AC or T, as specified, to the result. Deposit the
sum in the specified register.
(e]6e} INA AT + Cl = AT Conditionally increment ACor T. Used to increment ACor T.
11 AlIA |+ AT + Cl = AT Add the I-bus to AC or T. Add Cl to the result and deposit the
sum in the specified register. Used to add input data or
incremented input data to the specified register.
4 | XX — Clv (Rp~ AC~K) = CO Logically AND the K-bus with AC. Logically AND the result
Rnr (AC AK) = Rp with the contents of Rp. Deposit the final result in Rp.
Logically OR the value of Cl with the word-wise OR of the
bits of the final result. Place the value of the carry OR on the
carry output (CO) line.
00 CLR Cl - CO, O~-Rp Clear Ry to all O’s. Force CO to Cl. Used to clear a register
and force CO to ClI.
11 ANR Clv(Rh~AC) =~ CO Logically AND AC with R,. Deposit the result in Rp,. Force
Ry~ AC = Ry, COto one if theresultis non-zero. Used to AND the accumu-
lator with a register and test for a zero result.
4 1 XX — Clv(M~rAC~K) - CO Logically AND the K-bus with AC. Logically AND the result
M A(ACAK) = AT with the M-bus. Deposit the final resultin AC or T. Logically
OR the value of ClI with the word-wise OR of the bits of the
final result. Place the value of the carry OR on CO.
(o]0} CLA Cl—-CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to CI. Used to
clear the specified register and force CO to Cl.
11 ANM Clv (M~AC) - CO Logically AND the M-bus with AC. Deposit the resultin AC or
M~AC - AT T. Force CO to one if the result is non-zero. Used to AND M-
bus data to the accumulator and test for a zero result.
4 11 XX — Cl v(AT ~14K) = CO Logically AND the I-bus with the K-bus. Logically AND the
AT » (I~ K) = AT result with AC or T. Deposit the final result in the specified
register. Logically OR Cl with the word-wise OR of the final
result. Place the value of the carry OR on CO.
(e]e] CLA Cl-CO, O—-AT Clear AC or T, as specified, toall O’s. Force CO to Cl. Used to
clear the specified register and force CO to ClI.
11 ANI Clv (AT~ 1) = CO Logically AND the I-bus with AC or T, as specified. Deposit
AT~1 - AT the result in the specified register. Force CO to one if the
result is non-zero. Used to AND the I-bus to theaccumulator
and test for a zero result.
5 | XX — Clv(Rh~rK)— CO Logically AND the K-bus with R,. Deposit the result in Rn.
KARp—~ Rp Logically OR ClI with the word-wise OR of the result. Place
the value of the carry OR on CO.
(e]6] CLR Cl-CO, O—-Rp Clear Rn to all O’s. Force CO to Cl. Used to clear a register
and force CO to ClI.
11 TZR ClvRp = CO Force CO to one if Rnis non-zero. Used to test a register for
Rn— Rp zero. Also used to AND K-bus data with a register for
masking and, optionally, testing for a zero result.
5 1 XX = Clv(M~K)—- CO Logically AND the K-bus with the M-bus. Deposit the result
KAM = AT in AC or T, as specified. Logically OR Cl with the word-wise
OR of the result. Place the value of the carry OR on CO.
(e]6) CLA Cl—-CO, O-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
clear the specified register and force CO to ClI.
11 LTM CIvM - CO Load AC or T, as specified, from the M-bus. Force CO to one
M- AT if the result is non-zero. Used to load the specified register
from memory and test for a zero result. Also used to AND the
K-bus with the M-bus for masking and, optionally, testing for
a zero result.
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FUNCTION DESCRIPTION (Contd)

S3002-1 e N3002-1,XL

F R K
GROUP |GROUP| BUS NAME EQUATION DESCRIPTION
5 1l XX — Cl v(AT ~K) = CO Logically AND the K-bus with AC or T, as specified. Deposit
K AAT = AT the result in the specified register. Logically OR ClI with the
word-wise OR of the result. Place the value of the carry OR
on CO.
00 CLA Cl-CO, O—~AT Clear AC or T, as specified, toall O’s. Force CO to Cl. Used to
clear the specified register and force CO to Cl.
11 TZA CIvAT - CO Force CO to one if AC or T, as specified, is non-zero. Used to
AT - AT test the specified register for zero. Also used to AND the K-
bus to the specified register for masking and, optionally,
testing for a zero result.
6 | XX — Clv(AC~K) -~ CO Logically OR CI with the word-wise OR of the logical AND of
Rn v(AC~K) = Rp AC and the K-bus. Place the result of the carry OR on CO.
Logically OR Rp with the logical AND of AC and the K-bus.
Deposit the result in Rp,.
00 NOP Cl-CO, R~ Ry Force CO to Cl. Used as a null operation or to force CO to Cl.
11 ORR CIvAC—-CO Force CO to one if AC is non-zero. Logically OR AC with Rp.
Rn vAC = Rp Deposit the result in Rpy. Used to OR the accumulator to a
register and, optionally, test the previous accumulator value
for zero.
6 I XX — Cl v(AC ~K) - CO Logically OR Cl with the word-wise OR of the logical AND of
M v (AC ~K) = AT AC and the K-bus. Place the carry OR on CO. Logically OR
the M-bus, with the logical AND of AC and the K-bus.
Deposit the final result in AC or T.
00 LMF Cl-CO, M—-AT Load AC or T, as specified, from the M-bus. Force CO to CI.
Used to load the specified register with memory data and
force CO to CI.
11 ORM ClvAC - CO Force CO to one if AC is non-zero. Logically OR the M-bus
Mv AC - AT with AC. Deposit the result in AC or T, as specified. Used to
OR M-bus with the AC and, optionally, test the previous
value of AC for zero.
6 I XX — Clv (I ~K) = CO Logical OR ClI with the word-wise OR of the logical AND of
AT v (I~l) = AT the I-bus and the K-bus. Place the carry ORon CO. Logically
AND the K-bus with the I-bus. Logically OR the result with
AC or T, as specified. Deposit the final result in the specified
register.
00 NOP Cl—- CO, AT - AT Force CO to Cl. Used as a null operation or to force CO to Cl.
11 ORI Clvl—-CO Force CO to one if the data on the I-bus is non-zero.
IvAT - Logically OR the I-bus to AC or T, as specified. Deposit the
resultin the specified register. Used to OR I-bus data with the
specified register and, optionally, test the |-bus data for zero.
7 | XX — Clv(Rn~»AC ~K) = CO Logically OR ClI with the word-wise OR of the logical AND of
Rn ® (AC~K) = Rp Rnp and AC and the K-bus. Place the carry OR on CO.
Logically AND the K-bus with AC. Exclusive-NOR the result
with Rp. Deposit the final result in Rp,.
00 CMR Cl—-CO, Rn—Rn Complement the contents of Rp. Force CO to Cl.
11 XNR Clv(Rh~AC) - CO Force CO to one ifthe logical AND of ACand Rnis non-zero.
Rn ®AC ~ Rp Exclusive-NOR AC with R . Deposit the resultin R p. Used to
exclusive-NOR the accumulator with a register.

Sifntics
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FUNCTION DESCRIPTION (Contd)

F R K
GROUP | GROUP | BUS NAME EQUATION DESCRIPTION
7 1l XX — Clv(MAAC ~K) = CO Logically OR CI with the word-wise OR of the logical AND of
M® (AC A K) = AT AC and the K-bus and M-bus. Place the carry OR on CO.
Logically AND the K-bus with AC. Exclusive NOR the result
with the M-bus. Deposit the final result in AC or T.
00 LCM Cl-CO, M- AT Load the complement of the M-bus into AC or T, as specified.
Force CO to CI.
11 XNM Clv(MAAC) - CO Force CO to one if the logical AND of AC and the M-bus is
M @AC - AT non-zero. Exclusive-NOR AC with the M-bus. Deposit the
result in AC or T, as specified. Used to exclusive-NOR
memory data with the accumulator.
7 1 XX — Clv(AT~1AK) = CO Logically OR Cl with the word-wise OR of the logical AND of
AT® (I K)—= AT the specified register and the |-bus and K-bus. Place the
carry OR on CO. Logically AND the K-bus with the I-bus.
Exclusive-NOR the result with AC or T, as specified. Deposit
the final result in the specified register.
(e]0] CMA Cl—-CO AT-AT Complement AC or T, as specified. Force CO to ClI.
11 XNI Clv (AT »l)= CO Force CO to one if the logical AND of the specified register
I ®AT = AT and the I-bus is non-zero. Exclusive-NOR AC with the I-bus.
Deposit the resultin ACor T, as specified. Used to exclusive-
NOR input data with the accumulator.

FUNCTION DESCRIPTION KEY

SYMBOL MEANING

I,K.M Data on the |, K, and M buses,
respectively

Cl,LI Data on the carry input and left
input, respectively

CO,RO | Data on the carry output and
right output, respectively

Rn Contents of register n includ-
ing T and AC (R-Group 1)

AC Contents of the accumulator

AT Contents of ACor T, as specifi-
ed

MAR Contents of the memory ad-
dress register

LH As subscripts, designate low
and high order bit, respectively

+ 2's complement addition

= 2’'s complement subtraction

A Logical AND

Vv Logical OR

C] Exclusive-NOR

i Deposit into
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$3002-1 ® N3002-1,XL

AC ELECTRICAL CHARACTERISTICS N3001=Tp =0°C to +70°C, V5 = 5V * 5%
$3001 = T p = -55°C to +125°C, Vo = 5V + 10%

N3002 $3002
PARAMETER K . K % UNIT
Min Typ Max | Min Typ Max
tCY Clock Cycle Time 70 45 120 45 ns
tWP Clock Pulse Width 17 10 42 10 ns
tFS Function Input Set-Up Time (F, through Fg) 48 -23 - 35 70 -23- 35 ns
Data Set-Up Time:
tDS o, 11, Mo, My, Ko, Ky 40 | 12-129 60 | 12-29 ns
tSS LI, CI 21 0-=7 30 0= 7 ns
Data and Function Hold Time:
tFH F, through Fg 4 0 8 0 ns
tDH 14, 15, Mo, My, Ko, K4 4 | -28--11 5 | -28--11 ns
tSH LI, Ci 12 -7-0 15 -7-0 ns
Propagation Delay to X, Y, RO from:
tXF  Any Function Input 28 52 28 65 ns
tXD Any Data Input 16 - 20 33 16~ 20 65 ns
tXT Trailing Edge of CLK 33 48 33 75 ns
tXL Leading Edge of CLK 13 18 ~ 40 70 13 18 - 40 90 ns
Propagation Delay to CO from:
tCL Leading Edge of CLK 16 24 - 44 70 24 - 44 90 ns
tCT Trailing Edge of CLK 30 - 40 56 30 - 40 100 ns
tCF Any Function Input 25-35 52 25 - 35 75 ns
tCD Any Data Input 17 -238 55 17 ~28 65 ns
tCC CI (Ripple Carry) 9~13 20 9~-13 30 ns
Propagation Delay to Ag, Ay, Do, Dy from:
tDL Leading Edge of CLK 17 =28 40 17 =25 75 ns
tDE Enable Input ED, EA 10-12 20 10—~ 12 35 ns
*NOTE

Typical values are for T o = 25°C and typical supply voltage.

CARRY LOOK-AHEAD CONFIGURATION

74508

FO FI 74851 74851
P G

745182 Cp |ta 745182 C o |

P G ntz P, G Chuy BB €rx Py 6 P, G, Cnu #; Gy Gy P, G Cax P, Gy
) } ¢ P 4 ? 4 4 s 1 4 I
X % x y x % x y x y x y [ y x y | |
ci — cifd |
N3002 N3002 N3002 N3002
— Ll ROp—>» —> —— F—> —> > ROF—»|U RO
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TYPICAL CONFIGURATIONS

S3002-1 @ N3002-1,XL

MEMORY ADDRESS BUS
(2N LINES)

DATA BUS TO MEMORY
(2N LINES)

—7/
cLock
FoFy [
A D
FoFy CLK |~ <—J
co cl|«—— —1
N3002 N3002 N3002
CARRY FROM MCU —| 1 RO L ——
FiFe
[
F.F |
- —
CARRY TO MCU =

MICROPROGRAM |

CONSTANT MASK
INPUT BUS
(2N LINES)

DATA BUS FROM
MEMORY
(2N LINES)

Ripple-Carry Configuration
(2N Bit Array)

EXTERNAL DATA BUS
(2N LINES)

VOLTAGE WAVEFORMS

1
CLOCK INPUT | oY
CLK

s

e
FUNCTION INPUTS

FoFgm—m——

DATA INPUTS
1. 11. Kg. Ky, Mg, My

SHIFT AND CARRY

L g7 4 LI - S ———
T
—_—
xo
CARRY AND SHIFT
OQUTPUTSX, Y RO—m— — —— —
e
fer
cF
tco

—_—_——

ENABLE INPUTS
L 7 N — |

— ty| —

_/\:'_—___/—\‘;____

—tcL—

DATA OUTPUTS

N

A0.A1DpD) — ——
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INTRODUCTION

A Microcomputer Designed
for Control

The 8X300 is a microcomputer designed for
control. It features:

Execution Speed

e 250ns instruction execution time

e Direct address capability—up to 8192 16-bit
words of program memory

e Eight 8-bit general purpose registers

e Simultaneous data transfer and data edit in a
single instruction cycle time

e n-way branch or n-entry table lookup in 2
instruction cycle times

e 8X300 instructions operate with equal speed on
1-bit, 2-bit, 3-bit, 4-bit, 5-bit, 6-bit, 7-bit, or 8-bit
data formats

The 8X300 instruction set features control-
oriented instructions which directly access
variable length input/output and internal
data fields. These instructions provide very
high performance for moving and interpret-
ing data. This makes the 8X300 ideal in
switching, controlling, and editing applica-
tions.

Direct Processing of
External Data
The 8X300 I/O system is treated as a set of

internal registers. Therefore data from ex-
ternal devices may be processed (tested,
shifted, added to, etc.) without first moving
them to internal storage. In fact, the entire
concept is to treat data at the |/O interface
no differently than internal data. This con-
cept extends to the software which allows
variables at the input/output system to be
named and treated in the same way as data
in storage.

Separate Program Storage

and Data Storage

The storage concept of the 8X300 is to
separate program storage from data stor-
age. Program storage is implemented in
read-only memory in recognition of the fact
that programs for control applications are
fixed and dedicated. The benefits of using
read-only memory are that great speeds
may be obtained at lower cost than if
read/write memory were used, and that
program instructions reside in a non-
volatile medium and cannot be altered by
system power failures.

8X300 Architecture

Figure 1 of the 8X300 data sheet illustrates
the 8X300 architecture. The 8X300 contains
an Arithmetic Logic Unit (ALU), Program
Counter, and an Address Register. Eight 8-

Sifnntics

bit general purpose registers are also pro-
vided, including 7 working registers and an
auxiliary register which performs as a work-
ing register and also provides an implied
operand for many instructions. The 8X300
registers are shown in Figure 1 of the 8X300
data sheet and are summarized below:

Control Registers include:

¢ Instruction—A 16-bit register containing the
current instruction

e Program Storage Address Register (AR)—A
13-bit register containing the address of the
current instruction being accessed from Pro-
gram Storage

® Program Counter (PC)—A 13-bit register con-
taining the address of the next instruction to be
read from Program Storage

Data Registers include:

e Working Registers (WR)—Seven 8-bit registers
for data storage

e Overflow (OVF)—A 1-bit register that retains
the most significant bit position carry from ALU
addition operation. Arithmetically treated as
2>,

® Auxiliary (AUX)—An 8-bit register. Source of
implied operand for arithmetic and logical in-
structions. May be used as a working register.

A crystal external to the CPU may be used to
generate the CPU system clock. The CPU
executes 8 instruction types.
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DESCRIPTION

The Signetics 8X300 Microcontroller is a
monolithic, high-speed microprocessor im-
plemented with bipolar Schottky technolo-
gy. As the central processing unit, CPU, it
allows 16-bit instructions to be fetched,
decoded and executed in 250ns. A 250ns
instruction cycle requires maximum memo-
ry access of 65ns, and maximum 1/O device
access of 35ns.

Microcontroller instructions operate on 8-
bit, parallel data. Logic is distributed along
the data path within the Microcontroller.
Input data can be rotated and masked be-
fore being subject to an arithmetic or logical
operation; and output data can be shifted
and merged with the input data, before
being output to external logic. This allows 1-
to 8-bit /0 and data memory fields to be
accessed and processed in a single instruc-
tion cycle.

PROGRAM STORAGE INTERFACE

Program Storage is typically connected to
the AD-A12 (A12 is least significant bit) and
10-115 signal lines. An address output on
AO-A12 identifies one 16-bit instruction
word in program storage. The instruction
word is subsequently input on 10-115 and
defines the Microcontroller operations
which are to follow.

The Signetics 825115 PROM, or any TTL
compatible memory, may be used for pro-
gram storage.

1/0 DEVICES INTERFACE

An 8-bit I/O bus, called the Interface Vector
(IV) data bus, is used by the Microcontroller
to communicate with 2 fields of I/O devices.
The complementary LB and RB signals
identify which field of the I/O devices is
selected.

Both I/O data and I/O address information
can be output onthe IV bus. The SCand WC
signals are typically used to distinguish
between |/O data and I/O address informa-
tion as follows:

SC wC

1 0 1/0 address is being output on IV
bus

0 1 1/0 data is being output on IV bus
0 0 1/0 data is expected on the IV,
bus, as input to the Microcontroller
Not generated by the Microcontrol-

ler

11

The Signetics 82SXXX series RAM, and the
8T32/33 may be attached to the IV bus.

50

FEATURES

e 185ns instruction decode and execute 1ZA PACKAGE
delay (with Signetics 8T32/33 1/0 port) ver 4 50
e Eight 8-bit working registers :;
* Singleinstruction access to 1-bit, 2-bit, 3- A5
bit or 8-bit field on 1/0 bus o

e Separate instruction address, instruc- A2

tion, and 1/0 data buses

e On-chip oscillator x1
e Bipolar Schottky technology NG
e TTL inputs and outputs 10
o Tri-state output on I/0 data bus o
e +5 volt operation from 0° to 70°C 13

PIN DESIGNATION

PIN CONFIGURATION

8X300-I

aooooannnnonnnonnnon

i1z ] 25 26

ooouoooouioouooooouoroooa

PIN SYMBOL NAME AND FUNCTION TYPE
2-9, 45-49 | A0-A12: Instruction address lines. A high level equals | Active high
“1.” These outputs directly address up to
8192 words of program storage. A12 is least
significant bit.
13-28 10-115: Instruction lines. A high level equals “1.” | Active high
Receives instructions from Program Storage.
l15 is least significant bit.
33-36, IVBO-IVB7 | Interface Vector (IV) Bus. A low level equals | Three-state
38-41 “1."” Bidirectional tri-state lines to communi- | Active low
cate with I/0 devices. IVB7 is least significant
bit.
42 MCLK: Master Clock. Output to clock 1/0O devices,
and/or provide synchronization for external
logic
30 WC: Write Command. High level output indicates | Active high
data is being output on the IV Bus.
29 SC: Select Command. High level output indicates | Active high
that an address is being output on the IV
Bus.
31 LB: Left Bank. Low level output to enable one of Activetlow
two sets of 1/O devices (LB is the comple-
ment of RB).
32 RB: Right Bank. Low level output to enable one of | Active low
two sets of I/O devices (RB is the comple-
ment of LB).
44 HALT: Low level is input to stop the Microcontroller. | Active low
43 RESET: Low level is input to initialize the Microcon- | Active low
troller.
10-11 X1, X2: Inputs for an external frequency determining
crystal. May also be interfaced to logic or test
equipment.
50 VR Reference voltage to pass transistor.
1 VCR Regulated output voltage from pass transistor.
37 Vee: 5V power connection.
12 GND: Ground.
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MICROCONTROLLER ARCHITECTURE

> SHIFT > MERGE

R1

R2

R3

R5

R6

R11

<4:> 1VBO—IVB7
IV BUS

RIGHT
MASK <,: ROTATE <

INTERNAL CONTROL
| I | SIGNALS
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T
>
-
c

V LATCHES |

(8)=0

|
|
|
|
|
|

0
L2 O——————0.1B
)
« |—————O0 WwC
ARO—AR4 DEAC'\?IEE -
——o0
CONTROL
AR5—-AR12 | LOGIC MCLK
T — —0
L CONTROL O———0 HALT
by REFET
0 12

s I e e N——

I i [ i

B

GND i

A0-A12 10-115 Vg—— .
INSTRUCTION ADDRESS INSTRUCTION DATA
VeRp+—m
Figure 1
R1 — General working register OVF — The least-significant bit of this reg- Program Counter (PC)
R2 — General working register ister is used to reflect overflow sta- — Normally contains the address of
R3 — General working register tus resulting from the most recent the current instruction and is incre-
R4 — General working register ADD operation (see Instruction Set mented to obtain the next instruc-
R5 — General working register Summary). tion address.
R6 — General working register
R11 — General working register Address Register (AR)
AUX — General working register. Con- Instruction Register (IR) — A 13-bit register containing the
tains second term for arithmetic or — Holds the 16-bit instruction word address of the current instruction.
logical operations. currently being executed.

Table 1 INTERNAL REGISTERS
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INSTRUCTION CYCLE

Each Microcontroller operation is executed
in 1 instruction cycle, which may be as
short as 250ns. The Microcontroller gener-
ates MCLK to synchronize external logic to
the instruction cycle. Instruction cycles are
subdivided into quarter cycles. MCLK is an
output during the last quarter cycle.

During the third quarter cycle of an instruc-
tion, an address is output on A0-A12, identi-
fying the location in program storage o ..ie
next instruction word. This instruction word
defines the next instruction, which must be
input on 10-115 during the first quarter cycle
of the next instruction cycle (see Table 2).

Instruction Set Summary

The 16-bit instruction word input on 10-115
is decoded by the instruction decode logic
to implement events that are to occur during
the remainder of the instruction cycle. Gen-
erally the 16-bit instruction word is decoded
as follows:

Bit Position 0 1 2 3 15

L1

—
Instruction
Class

e

Operand(s) Specification

A detailed usage of the 13 “operand(s)
specification” bits is given in following sec-
tions.

Three operation code bits allow for 8 in-
struction classes. The 8 instruction classes
are summarized in Table 3. Each entry is
referred to as an “instruction class” because
the unique architecture of the Interpreter
allows a number of powerful variations to be
specified by the 13 operand (s) specification
bits. A complete description of instruction
formats and some instruction examples are
provided in the Microprocessor Applica-
tions manual.

Data Processing

The Microcontroller architecture includes
eight 8-bit working registers, an arithmetic
logic unit (ALU), an overflow register, and
the 8-bit IV Bus. Internal 8-bit data paths
connect the registers and IV Bus to the
ALU inputs, and the ALU output to the
registers and |V Bus. Data processing logic
is distributed along these internal 8-bit data
paths. Rotate and mask logic precedes the
ALU on the data entry path. Shift and
merge logic follows the ALU on the data
output path. All 4 sets of logic can operate
on 8 data bits in a single instruction cycle
(See Figure 1).

When less than 8 bits of data are specified
for output to the IV bus by the ALU, the data
field (shifted if necessary) is inserted into
the prior contents of the IV bus latches. The
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TYPICAL SYSTEM CONFIGURATION
+5V
o L]
n ®  USER
: <> ®  CONNECTION
__E—‘I H 2N5320 -
= i3
PROGRAM STORAGE lj:— A H
A0-A12 Vee VR VCR : VBO—1VB7 1 8732
10-115 sc | » -~
ROM/PROM/RAM :> we a9
TTL COMPATIBLE 8X300 MCLK RS Bic
UP TO 8K x 16 BITS X, coxT‘anfL-eq LB
(825115) .o l:"__, RB p—
MHz
K N o ()
8733
HALT —t l +
RESET = —
GND
BIC
= : =
Figure 2
INSTRUCTION ADDRESS AND
AND IV ADDRESS IV BUS DATA
BUS DATA DATA AND IV VALID
INPUT PROCESSING | BUS CHANGING | MCLK=HIGH
< Yacycle — | < Yacycle = | <« Yacycle — <« Y cycle —
Table 2 INSTRUCTION CYCLE

IV bus latches contain data input at the start
of an instruction. This data in the IV bus
latches will be specified in the instruction as
a) IV bus source data or b) data from an
automatic read when the IV bus is specified
as a destination. Therefore, IV bus bit posi-
tions outside an inserted bit field are un-
modified.

Data Addressing

Sources and destinations of data are speci-
fied using a 5-bit octal number. The source
and/or destination of data to be operated
upon is specified in a single instruction
word.

Referring to Figure 1, the Auxiliary register
(address 00) is the implied source of the
second argument for ADD, AND or XOR
operations.

IVL and IVR are write-only registers used
only as a destination. They have addresses
and are treated as registers, but in reality
they do not exist. When IVL is specified as a
destination or the D field = 20-274, then LB =
‘low’, RB = ‘high’ are generated; when IVR is
specified as a destination or the D field = 30-
37g, then RB = low, LB = ‘high’ are generat-
ed.

When IVL or IVR is specified as the destina-
tion in an instruction, SC is also activated

Sifnotics

and datais placed onthe IV bus. If IVLor IVR
is specified as a source of data, the source
data is all zeroes.

INSTRUCTION SEQUENCE
CONTROL

The Address Register and Program Counter
are used to generate addresses for access-
ing an instruction. The Address Register is
used to form the instruction address, and in
all but 3 instructions (XEC, NZT, and JMP)
the address is copied into the Program
Counter. The instruction address is formed
in 1 of 3 ways:

1. For all instructions but the JMP, XEC,
and a satisfied NZT, the Program Coun-
teris incremented by 1 and placed in the
Address Register.

2. For the JMP instruction, the full 13-bit
address field from the JMP instruction is
placed into the Address Register and
copied into the Program Counter.

3. For the XEC and NZT instructions, the
high order 5- or 8-bits of the Program
Counter are combined with 8- or 5-
lower-order bits of ALU output (XEC or
NZT) and placed in the Address Regis-
ter. For the NZT instruction, it is also
copied into the Program Counter.
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INSTRUCTION SET

The 8X300 Microcontroller has a repertoire
of 8 instruction classes which allow the user
to test input status lines, set or reset output
control lines, and perform high speed
input/output data transfers. All instruc-
tions are 16 bits in length and each is
fetched, decoded and executed in 250ns.

Data is respresented as an 8-bit byte; bit
positions are numbered from left to right,
with the least significant bit in position 7.

01234567

MSB LSB

Within the 8X300, all operations are per-
formed on 8-bit bytes. Arithmetic opera-
tions use 8-bit, unsigned 2's complement
arithmetic.

INSTRUCTION FORMATS

The general 8X300 instruction format is:

012(3456789101112131415

Op

Operand(s)
Code

All instructions are specified by a 3-bit
Operation (Op Code) field. The operand
may consist of the following fields: Source

OPERATION

FORMAT

RESULT

NOTES

MOVE

ADD

AND

XOR

Content of data field specified by
{S, R/L} replaces data in field
specified by {D, R/L.}

Sum of AUX and data specified by
{S, H/L} replaces datain field spec-
ified by {D, R/L}.

Logical AND of AUX and data speci-
fied by {S, R/L} replaces data in
field specified by {D, R/L.}

Logical exclusive OR of AUX and
data specified by { S, R/L} replaces
data in field specified by {D, R/L.}

If S and D both are
registers, then R/L
specifies a right rotate
of the register specifi-
ed by S.

XMIT

NZT

XEC

LIV

1IRAY

LIV

The literal value | replaces the data
in the field specified by {S,L.}

If S is an I/O address
then | is limited to
range 00-37. Other-
wise | is limited to
range 000-377.

If the data in the field specified by
{S, L} equals zero, perform the
next instruction in sequence. If the
data specified by {S.L is notequal
to zero, execute the instruction at
address determined by using the lit-
eral | as an offset to the Program
Counter.

If S is an I/O address
then | is limited to
range 00-37. Other-
wise | is limited to
range 000-377.

Perform the instruction at address
determined by applying the sum of
the literal | and the data specified by
{S, L \? as an offset to the Program
Counter. If that instruction does not
transfer control, the program se-
quence will continue from the XEC
instruction location.

The offset operation is
performed by reduc-
ing the value of PC to
the nearest multiple of
32 (if I=00-37) or 256 (if
| = 000-377) and add-
ing the offset.

JMP

The address value A replaces con-
tents of the Program Counter.

A limited to the range
0-17777s.

Table 3 8X300 INSTRUCTION SUMMARY
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(S) field, Destination (D) field, Rotate/
Length (R/L) field, Immediate () field, or
(Program Storage) Address (A) field.

The instructions are divided into 5 format
types, based on the Op Code and the Oper-
and(s), as shown in Figure 3.

INSTRUCTION FORMATS
OPERATIONS
(REGISTER TO REGISTER)
MOVE AND
ADD XOR
0123456 7|8 910]|1112131415
op R
CODE - (ROTATE) °
Type |
OPERATIONS
(REGISTER TO 170, I/0 TO REGISTER, 1/0 TO 1/0)
MOVE ADD
AND XOR
0012|3456 7]|8910|1112131415
op L
CODE 3 (LENGTH) .
Type Il
OPERATIONS
XEC ~ XMIT*
NZT
01234 56 7|89101112131415
op
CODE 5 ;
Type Il
OPERATIONS
XEC  XMIT*
NZT
012 |3 456 7|89 101112131415
op s L i
CODE (LENGTH)
Type IV
OPERATIONS
JMP
012 | 345678910 11 1213 14 15
op
CODE A
Type V
‘NOTE
If XMIT. S actually represents the destination
Figure 3
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INSTRUCTION FIELDS

Op Code Field (3-Bit Field)
The Op Code field is used to specify 1 or 8
8X300 instructions as shown in Table 4.

OP CODE

OCTAL

VALUE INSTRUCTION
0 MOVE S,R/L,D
1 ADD S,R/L,D
2 AND S,R/L,D
3 XOR S,R/L,D
4 XEC ILR/L,S or I,S
5 NZT ILR/L,S or IS
6 XMIT I,R/L,Dor I,.D
7 JMP A

Table 4 OP CODE FIELD OCTAL
ASSIGNMENTS

S,D Fields (5-Bit Fields)

The S and D fields specify the source and
destination of data for the operation defined
by the Op Code field. The Auxiliary Register
is an implied second source for the instruc-
tions ADD, AND and XOR, each of which
require two source fields. That is, instruc-
tions of the form,

ADD X, Y

imply a third operand, say Z, located in the
Auxiliary Register so that the operation
which takes place is actually X + Z, with the
result stored in Y.

The S and/or D fields may specify aregister,

or a 1to 8-bit I/0 field. S and D field value
assignments in octal are shown in Table 5.
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0s-178g is used to specify 1 of 7 working registers (R1-R6, R11), the Auxiliary Register, the
Overflow Register, or IVL and IVR write-only registers.

OCTAL OCTAL
VALUE VALUE
00 AUX-Auxiliary Register 10 OVF-Overflow register-Used only
01 R1 as a source
02 R2 11 R11
03 R3 12 Unassigned
04 R4 13 Unassigned
05 R5 14 Unassigned
06 R6 15 Unassigned
07 IVL Register-Left Bank I/O address 16 Unassigned

IVR Register-Right Bank /O ad-
dress register. Used only as a desti-
nation.

register. Used only as adestination. 17

a. Register Specification

208- 2738 is used to specify the least significant bit of a variable length field within the I/O
Port previously selected by the IVL register. The length of the field is determined by R/L.

01234567
YTYYYYY)
OCTAL Frrrrrnd
VALUE J
20 Field within previously selected Port; position of LSB =0
21 Field within previously selected Port; position of LSB =1
22 Field within previously selected Port; position of LSB =2
23 Field within previously selected Port; position of LSB =3
24 Field within previously selected Port; position of LSB =4
25 Field within previously selected Port; position of LSB =5
26 Field within previously selected Port; position of LSB =6 =N
27 Field within previously selected Port; position of LSB =7

b. Left Bank 1/0 Field Specification

30s-378 is used to specify the least significant bit of a variable length field within the I/0
Port previously selected by the IVR Register. The length of the field is determined by R/L.

01234567
[(IITITIT]
YTYYYYY
OCTAL rrrrrrnl
VALUE ﬂ
30 Field within previously selected Port; position of LSB=0
31 Field within previously selected Port; position of LSB =1
32 Field within previously selected Port; position of LSB =2
33 - Field within previously selected Port; position of LSB =3
34 Field within previously selected Port; position of LSB =4
35 Field within previously selected Port; position of LSB=5
36 Field within previously selected Port; position of LSB =6
37 Field within previously selected Port; position of LSB=7

c. Right Bank 1/0 Field Specification

Table 5 S AND D FIELD OCTAL ASSIGNMENTS

sifnotics
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R/L Field (3-Bit Field)
The R/L field performs one of two functions,
specifying either a field length (L) or a right
rotation (R). The function it specifies for a
given instruction depends upon the con-
tents of the S and D fields:

A.When both S and D specify registers, the R/L
field is used to specify a right rotation of the
data specified by the S field. (Rotation occurs
on the bus and not in the source register.) The
register source data is right rotated within one
instruction cycle time independent of the num-
ber of bit positions specified in the R/L field.

B . When either or both the S and D fields specify a
variable length 1/0O data field, the R/L field is
used to specify the length of that data field.

C. R/L field assignments are shown in Table 6.

R/L FIELD

OCTAL SPECIFICATION

VALUE
0 Field Length = 8 Bits
1 Field Length = 1 Bit
2 Field Length = 2 Bits
3 Field Length = 3 Bits
4 Field Length = 4 Bits
5 Field Length = 5 Bits
6 Field Length = 6 Bits
7 Field Length = 7 Bits
Table 6 R/L FIELD OCTAL

ASSIGNMENTS

| Field (5/8-Bit Field)

The | field is used to load a literal value
(contained in the instruction) into aregister,
or a variable I/O data field, or to modify the
low order bits of the Program Counter.

The length of the | field is based on the S

field in XEC, NZT, and XMIT instructions, as

follows:

A. When S specifies a register, the literal | is an 8-
bit field (Type Il format).

B. When S specifies variable I/O data field, the
literal | is a 5-bit field (Type IV format).

A Field (13-Bit Field)

The A field is a 13-bit Program Storage
address field. This allows the 8X300 to di-
rectly address 8192 instructions.

REGISTER OPERATIONS

When a register is specified as the source
and a variable I/O data field is specified as
the destination, the low order bits of the
results of the instructions MOVE, ADD, XOR
are merged with the original destination
data.

When an /O data field of 1 to 8 bits is
specified as the source, and a register as the
destination, the 8-bit result of the opera-
tions MOVE, ADD, AND, XOR is stored in
the register. The operations ADD, AND,
XOR actually use the 1/0O data field (1 to 8
bits) with leading zeros to obtain B8-bit
source data for use with the 8-bit AUX data
during the operation.

IVL and IVR are write-only pseudo registers,

and therefore can be specified as destination
fields only. Operations involving IVL and

IVR as sources are not possible. For exam-

ple, itis not possible toincrement IVR or IVL

in a single instruction, and the contents of

IVL or IVR cannot be transferred to a work-

ing register, or 1/0O Port.

The OVF (Overflow) Register can only be
used as a source field; it is set or reset only
by the ADD instruction.

ADDRESSING DATA ON THE
INTERFACE VECTOR

1/0O data fields are implemented via general
purpose 8-bit 1/0 registers called Interface
Vector (IV) Bytes. The IV registers serve to
select |V bytes. In order for an instruction to
access (read or write) an 1/0 data field, the
address must be output to the IVL or IVR
registers.

Thus, two instructions are required to oper-
ate on an Interface Vector byte.

XMIT
MOVE

ADDRESS, IVL
LB, RB

Siljnotics
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Each of the two IV registers (IVL and IVR)
may be setto selectan IV byte, therefore two
I/O ports may be active at one time—one on
the Right Bank (IVR) and ore on the Left
Bank (IVL). Data may be input and output in
one instruction following the selection of IV
bytes:

XMIT ADDRESSH1, IVL
XMIT ADDRESS2, IVR
ADD LB, RB

Once the IV byte is selected (addressed) it
will remain selected until another address is
output to the same |V register. Since an IV
register (IVL, IVR) can be used only as a
destination field of an instruction, any in-
struction sending data to IVL or IVR can be
used to select an IV byte.

From the user’s standpoint, however, all IV
byte outputs can be read by an external
device regardless of whether they are se-
lected or not.

The address range of IVL and IVR is 0-25510.

INSTRUCTION DESCRIPTIONS
The following instruction descriptions em-
ploy MCCAP (the 8X300 Cross Assembly
Program) programming notation. This no-
tation varies somewhat from the instruction
descriptions provided in Tables 3through 5.
Thus, for example, explicit L field definition,
as shown in Table 3 and Table 4 is not
required by MCCAP instructions; MCCAP
can create appropriate variable field ad-
dresses from information contained in Data
Declaration statements which may be pro-
vided by the programmed at the beginning
of his program.

The 8X300 instruction set is described be-
low with examples shown in Figures 4
through 11.
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MOVE S,D or
MOVE S(R),D

Format: Type |, Type |l

Operation: (S)+(D)

Description

Move data. The contents of S are transferred
to D; the contents of S are unaffected. If
both S and D are registers, R/L specifies a
right rotate of the source data before the
move. Otherwise, R/L specifies the length of
the source and/or destination 1/0 data field.
If the MOVE is between Left Bank and Right
Bank I/0 field, an 8-bit field must always be
moved.

Example

Store the least significant 3 bits of register 5
(R5) in bits 4, 5 and 6 of the I/O Port previ-
ously addressed by the IVL register. See
Figure 4.

ADD S,D or
ADD S(R),D

Format: Type |, Type Il
Operation: (S) * (AUX)—>D
Carry—>OVF
Description
Unsigned 2's complement 8-bit addition.
The contents of S are added to the contents
of the Auxiliary Register. The result is stored
in D; OVF is set to the value of the carry. If
both S and D are registers, R/L specifies a
right rotate of the source (S) data before the
operation. Otherwise, R/L specifies the
length of the source and/or destination I/0
data fields. Sand AUX are unaffected unless
specified as the destination.

Example

Add the contents of R1 rotated 4 places to
AUX and store the resultin R3. See Figure 5.
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MOVE S,D or MOVE S(R),D

MOVE RS, IV
0O 1 2 3 456 7891011121314 15
0 o oJoo101j011}1 0110 BINARY REPRESENTATION
o [} E 5 3 2 ! 6 OCTAL REPRESENTATION

D e e —

I L— SPECIFIES LSB OF 1/0 FIELD AS BIT 6
SPECIFIES LEFT BANK 1/0 FIELD
SPECIFIES 3-BIT 1/0 FIELD

SPECIFIES REGISTER 5

SELECTED LEFT BANK 10 FIELD AFTER OPERATION

NOTE
X's in the field denote bits unaffected by the move operation.

Figure 4

ADD S,D or ADD S(R),D

00 1]0o0001}J100}j00 011 BINARY REPRESENTATION
1 o { 1 4 o 1 3 OCTAL REPRESENTATION
1 1
01011110 R1
149 01 07 CONTENTS OF R1 ROTATED RIGHT 4 PLACES

100 00100 AUX
01101001 R3—AFTER OPERATION

o
<
-

Figure 5

Sifjnotics
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AND S,D or
AND S(R),D

Format: Type I, Type Il
Operation: (S) A (AUX)>D
Description

Logical AND. The AND of the source field
and the Auxiliary Register is stored into the
destination. If both S and D are registers,
R/L specifies a right rotate of the source (S)
data before the AND operation. Otherwise
R/L specifies the length of the source and/
or destination I/0 data fields. S and AUX are
unaffected unless specified as a destina-
tion.

Example

Store the AND of the selected right bank I/0O
field and AUX in R4. The right bank data
field is called WSBCD and is 4 bits long and
located in bits 2, 3, 4 and 5. See Figure 6.

XOR S,D or

XOR S(R),D

Format: Type |, Type Il
Operation: (S) ® (AUX)»D
Description

Exclusive-OR. The Exclusive-OR of the
source field and the Auxiliary Register is
stored in the destination. If both Sand D are
registers, R/L specifies a right rotate of the
source (S) data before the XOR operation.
Otherwise R/L specifies the length of the
source and/or destination 1/O data fields. S
and AUX are unaffected unless specified as
a destination.

Example

Replace the selected I/O data field with the
XOR of the field and AUX. The I/0O data field
is called STATUS and is 5 bits in length and
located in bits 3,4, 5,6 and 7 of left bank. See
Figure 7.

8X300-I
AND S,D or AND S(R),D
AND WSBCD, R4
o 10fl111701)100]00 1 00 BINARY REPRESENTATION
2 31 5 4 o1 4 OCTAL REPRESENTATION
—— e
]— SPECIFIES REGISTER 4
SPECIFIES 4-BIT 1/0 FIELD
SPECIFIES LSB OF RB FIELD AS BIT 5
SPECIFIES RB FIELD
012345 6 7
100101 01 SELECTED RIGHT BANK 1/0 FIELD
000001 01 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED
AND OPERATION
00000011 AUX
00 0000O0O01 R4
Figure 6
XOR S,D or XOR S(R),D
XOR STATUS STATUS
o 1 1 10111 101}101 11 BINARY REPRESENTATION
3 21 7 5 2 E 7 OCTAL REPRESENTATION
1
01234567
01110011 SELECTED 1/0 DATA FIELD—BEFORE OPERATION
00010011 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED
XOR OPERATION
000010010 AUX
000110 01
01111001 SELECTED 1/0—BEFORE OPERATION
o
UNAFFECTED
Figure 7
- -
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XEC I(S)

Format: Type lll, Type IV

Operation

Execute instruction at the address specified
by the Address Register with lower 5 or 8
bits replaced by (S) + I.

Description

Execute the instruction at the address de-
termined by replacing the low order bits of
the Address Register (AR) with the low order
bits of the sum of the literal | and the con-
tents of the source field. If Sis aregister, the
low order 8 bits of AR are replaced; if Sisan
I/0 data field, the low order 5 bits of AR are
replaced, resulting in an execute range of
256 and 32 respectively. The Program
Counter is not affected unless the instruc-
tion executed is a JMP or NZT (whose
branch is taken).

Example

Execute one of n JMPs in a table of JMP
instructions determined by the value of the
selected I/O data field on the left bank. The
table follows immediately after the XEC
instruction and the 1/0 field is called IN-
TERPT and is a 3-bit field located in bits 4,5
and 6. See Figure 8.

XMIT I,D

Format: Type lll, Type IV
Operation: 1= (D)

Description

Transmit literal. The literal field | is stored in
D. If D is a register, an 8-bit field is trans-
ferred; if D is an 1/0 data field, up to a 5-bit
field is transferred.

Example

Store the bit pattern 110 in the selected I/0O
data field on the right bank. The field name
is VALUE and is located in bits 3, 4 and 5.
See Figure 9.
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XEC I(S)
XEC *+1 (INTERPT)
10 0 10110011 10100 BINARY REPRESENTATION
4 2 : 6 3 2 } 4 OCTAL REPRESENTATION
H !
0 13

lQ 00011011001 1] ADDRESS REGISTER—BEFORE OPERATION

5 6 7
01010 110 SELECTED I/0O DATA FIELD

0000 OO0 11 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED

000 10100
| FIELD
0 0 0 10 11

R
Io 0001 10110 1\‘1\1] ADDRESS REGISTER—AFTER OPERATION

UNAFFECTED
ADDRESS INSTRUCTION
0000110110011 XEC *+1 (INTERPT)
0000110110100 JMP A1
L]
L)
®
0000110110111 JMP A4 JMP TABLE
L
L]
°
0000110111011 JMP AB

JMP A4 1S EXECUTED BECAUSE 1/0 FIELD INTERPT = 3

Figure 8

XMIT I,D

XMIT 6, VALUE

11 01110101100 110 BINARY REPRESENTATION

6 3 } 5 3 o1 6 OCTAL REPRESENTATION

0123456 7

SELECTED 1/0O DATA—BEFORE OPERATION

000O0OT1TI10 | FIELD

SELECTED 1/0 DATA—AFTER OPERATION

W a

\UNAFFECTED

Figure 9
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Format: Type lll, Type IV

Operation:
Non-Zero Transfer. If (S) # 0, PC offset by |
— PC; otherwise PC + 1 — PC.

Description

If the data specified by the S field is non-
zero, replace the low order bits of the Pro-
gram Counter with I. Otherwise, processing
continues with the next instruction in se-
quence. If Sis a register, the low order 8 bits
of the PC are replaced; if S is an I/O data
field, the low order 5 bits of the PC are
replaced, resulting in an NZT range of 256
and 32 respectively.

Example

Jump to Program Address ALPHA if the
selected right bank I/O field is non-zero.
The field name is OVERFLO and it is a 1-bit
field located in bit 3. See Figure 10.

JMP A
Format: Type V
Operation: A - PC

Description

The literal value A is placed in the Program
Counter and Address Register, and proc-
essing continues at location A. A has a
range of 0-17777g (0-8191).

Example
Jump to location ALPHA (0000101110001).
See Figure 11.

NZT S,|

OVERFLO, ALPHA

NZT

10 1110 11001111010

BINARY REPRESENTATION

OCTAL REPRESENTATION

0 12 3 4 5 6 7

OVERFLO

ADDRESS

L]
0000110110011
L]

L]

(]
ALPHA 0000110111010
OFFSET

Figure 10

INSTRUCTION

NZT OVERFLO, ALPHA

INSTRUCTION

JMP A

JMP ALPHA

11170000101 110001

T
7 ol o 1 s 1 8 1| 1
I 1

ADDRESS
L]
L]
L]
0000000011011
L]

L]
L]
ALPHA 0000101110001

BINARY REPRESENTATION

OCTAL REPRESENTATION

INSTRUCTION

JMP ALPHA

INSTRUCTION

[O l o I Ol Ol OJ o l 0]0 I 1 l 1 I 0 r1 I 1 l PROGRAM COUNTER BEFORE OPERATION

IO] O]O] OI 1 Iolu l 1 11 lOlOlOl \l PROGRAM COUNTER AFTER OPERATION

Figure 11
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SYSTEM DESIGN USING THE
8X300 MICROCONTROLLER

Designing hardware around the 8X300 In-
terpreter reduces to selecting a program
storage devicer (ROM, PROM, etc.), select-
ing 1/0 devices (IV byte, multiplexers, RAM,
etc.), selecting clock mode (system driven
or crystal controlled) and interfacing the
Microcontroller to these components.

A specific example of a control system
using the 8X300 Microcontroller is shown in
Figure 12. Only 8 components—four 8732
1/0O Ports, one 825208 RAM, two 82S215
ROMs, and an 8X300 are required to build
this system which contains 512 words of
program storage, 32 TTL I/O connection
points, 256 bytes of working storage, and
operates at a 250ns instruction cycle time.

Halt, Reset Signals

HALT:

A low level at the HALT input stops internal
operation of the Microcontroller at the start
of the next instruction after HALT isapplied
(quarter cycle after MCLK). Since HALT is
sampled at the start of each instruction
cycle it is possible to prevent a cycle by
applying HALT early in that cycle. HALT
does not inhibit MCLK or affect any inter-
nal registers. Normal operation begins with
the next complete cycle after the HALT
input goes high.

8X300-I

RESET:

A low level at the RESET input sets the
program counter and address register to
zero. While RESET is low MCLK is inhibit-
ed. If RESET is applied during the last 2
quarter cycles, the MCLK during that cycle
may be shortened. RESET should be ap-
plied for 1 full instruction cycle time to as-
sure proper operation. When RESET input
goes high an MCLK occurs prior to the re-
sumption of normal processing. RESET
does not affect the other internal registers.

SYSTEM TIMING

In systems with fast instruction cycle times,
most Microcontroller delays are strictly de-
termined by internal gate propagation de-
lays.

EXAMPLE OF CONTROL SYSTEM
SIGNETICS
+5V RESET HALT 8T32
o 0
A4-A12
A
K—— | > {iti6-15%
SIGNETICS _[jH
825215 L PNE320 1/0 PORT
512x8 =
ROM
10—17 1
Vee| VR VCR Il ME
— A4-A12 = I ;o BIC
CE, [CE P
2 1 O BOC
STROBE e S—— 1VBO-1VB7
‘L -~ 8X300
AG-AZ - MICROCONTROLLER MCLK,
PN sc, we
e —— uDO-uUD7
B FOROHRT j——r 7
— [
BE =
RB S
= 5
X1L ﬂ GN[j_ ME B
Ric 2
7 ;O BIC §
SIGNETICS T b, l 8l 5
825215 = 0 Boc ¢
512x8 8.00 MHz &
ROM 7]
18-115 2
™~ UD0-UD7
170 PORT
CE,| CE;
ME
L————-——0 BIC
0 BoC
b
v S 4 e
6 e 256X8 1/0 PORT
50 = RAM
— L
ME —
ME
;Q BIC
O BOC
Figure 12
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8X300-I

Since some events are constrained to occur
in certain quarter cycles, as system cycle SYSTEM INSTRUCTION CYCLE TIME
times become slower, the delays will appear
to increase due to gating with internal '

| |
clocks. In the table of AC Electrical Charac- | I ' | |
teristics, 2 columns are used: 1 to denote ' '
MCLK | | =L |
|

times which occur due to internal clock
intervention and 1 to denote minimum de-
lays for fast cycle times.

SC, WC, LB, or RB
When using Signetics 8T32 1/0 Ports, selec-

tion of instruction cycle time involves calcu-
lating the maximum program storage ac-
cess time. Assuming the instruction is
available when MCLK falls, the 1/0 control
lines are stable 35ns later. Signetics 8T32’s
require another 35ns to disable a previously
selected port and enable the desired port
(assumes a change in bank signals). A 10ns
margin has been added to the 8T32 enable Figure 13
for this evaluation to reflect the fact that
most systems will have more capacitive
loading than the 50pF test condition in the SYSTEM INSTRUCTION CYCLE TIME

8T32 specification and to allow for line de-
lays. AI_)/_\ | | 7'_\_
i . i | | |

The system instruction cycle time for nor- MGTR | | 1 |

| |

-
|
L |
|
-

mal systems such as shown in Figure 12 is
70
2 ]
|

or instruction to LB/RB
(input phase) .
1V0-7 @ 170 Port output enable (Tog)

|

|

|

|

|

|

| @ MCLK to LB/RB (input phase)
|

|

| @ 12 cycle - 55ns.
|

|

I
I
|
[
I
I
I
I
|
[
[
I

|
| I I
determined by Microcontroller propagation by T T
delays, program storage access time, and % | |
port output enable times. Instruction cycle A0-A12 I 1

time is normally constrained by one or more
of the following conditions:

|
I
|
I
I
I
|

|

1

|

|

|

|

| |@ Program storage access time.

| |@ MCLK to LB/RB (input phase)
or instruction to LB/RB

| | (input phase).

|

|

|

|

|

|

|

|

1. Instruction to LB/RB (input phase) and I/0 Port
output enable:

TOE < ' cycle - 55ns (Figure 13).

2. Program storage access time and instruction to
LB/RB (input phase) and 1/0O Port output en-
able and IV data (input phase) to address <
instruction cycle time (Figure 14).

3. Program storage access time and instruction to
address < instruction cycle time (Figure 15). vo-7

|@ 1/0 Port output enable (T o)

|
@ IV data (input phase) to
I address.

The first constraint can be used to deter-
mine the minimum cycle time. Using the
inequality 35ns + 35ns < ', cycle - 55ns
implies ', cycle = 125ns or an instruction
time of 250ns.

Figure 14

SYSTEM INSTRUCTION CYCLE TIME

Program storage access time for a 250ns | |
instruction cycle can be calculated from the |

second constraint. Noting that the specifi-

cation for IV data (input phase) to address is MCLK | |
115ns: Program storage access time + 35ns =k I

+ 35ns + 115ns < 250ns implies program 4/ /
storage access time < 65ns. 10-115 L

The third constraint can be used to verify
the maximum program storage access time.
Noting that the specification for instruction
to address is 185ns: Program storage ac-
cess time + 185ns < 250ns confirms that
program storage access time 65ns is satis-
factory.

|
|
|
f
|
[
|
f

1 1 ' 1
INSTRUCTION TO PROGRAM STORAGE
—— ADDRESS —|<@—| ACCESS |—

f
|
|
|

A0-A12 |
I
|
|
|
|

Figure 15

SinOtics 61




—8X300—

System Clock

The Micrcontroller has an integrated oscil-
lator which generates all necessary clock
signals. The oscillator is designed to con-
nect directly to a series resonant quartz
crystal via pins X1 and X2. The crystal reso-
nant frequency, f, is related to the desired
cycle time, T, by the relationship f=2/T. For
a 250ns system, f = 8.00MHz.

8X300-!

Fundamental mode,
series resonant

Type:

Impedance at

Flindamental: 35 ohms maximum

Impedance at
harmonics and
spurs:

50 ohms minimum

CLOCKING WITH A PULSE GENERATOR

PULSE

Xq

8X300

Table 7 CRYSTAL CHARACTERISTICS

In lower speed applications where the cycle
time need not be precisely controlled, a
capacitor may be connected between X1
and X2 to drive the oscillator. Approximate
capacitor values are given in Table 8. If
cycle time is to be varied, X1 and X2 should
be driven from complementary outputs of a
pulse generator. Figure 16 shows a typical
configuration. For systems where the Inter-
preter is to be driven from a master clock the
X1 and X2 lines may be interfaced to TTL
logic as shown in Figure 17.

Cx,pF CYCLE TIME
100 300ns
200 500ns
500 1.1us
1000 2.0us

Table 8 CLOCK CAPACITOR VALVES

62

50
GENERATOR % MICROCONTROLLER
= Py %5
50
Pulse generator characteristics:
ZOUT =509 VOUT =0-1 volt =
Risetime < 10ns < Skew < 10ns
Complementary outputs
NOTE: All resistors values are typical and in ohms.
Figure 16
CLOCKING WITH TTL -
1000
X4

470
cLock O—4

470

TTL driver characteristics:
Risetime and Falitime < 10ns
Skew between complementary

outputs < 10ns .
Figure 17

8X300

X3

MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS Vcc =5V £5%and 0°C < Tp <70°C

PROPAGATION CYCLE TIME
DELAY DESCRIPTION DELAY TIME LIMIT

X1 falling edge to MCLK (driven from external

pulse generator) 75ns
MCLK to SC/WC falling edge (input phase) 25ns
MCLK to SC/WC rising edge (output phase) 1/, cycle + 25ns
MCLK to LB/RB (input phase) 35ns
Instruction to LB/RB output (input phase) 35ns
MCLK to LB/RB (output phase) /s cycle + 35ns
MCLK to IV data (output phase) 185ns » cycle + 60ns
IV data (input phase) to IV data (output phase) 115ns
Instruction to Address 185ns > cycle +40ns
MCLK to Address 185ns > cycle + 40ns
IV data (input phase) to Address 115ns

MCLK to IV data (input phase)

MCLK to Halt falling edge to prevent
current cycle

Reset rising edge to first MCLK

15 cycle - 55ns

s cycle - 40ns
0 to 1 cycle

NOTE
1. Reference to MCLK is to the falling edge when loaded with 300pF.
2. Loading on Address lines is 150pF.

SinOtics
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X

MCLK

INSTRUCTION
ADDRESS
(AD-A12)

INSTRUCTION
DATA
(10-115)

scwe

LB/RB

IV BUS
(IVBO-1VB7)

TYPICAL INSTRUCTION CYCLE TIMING
INSTRUCTION CVCLE4-I

<—INPUT PHASE

|
[——INPUT PHASE OUTPUT PHASE

INST & IV BUS
INPUTS ACCEPTED

ADDRESS & IV
BUS CHANGING

ADDRESS & IV
BUS OUTPUT STABLE
i
T

PROCESSING

I

|

i |

| |
|

| |

[ VD A A A W

it i &

|
,‘ |
—
| |
| I
| |
| |
| |
| |

PROGRAM

|

|

|

|

|
~ STORAGE ———p

|

|
|
I
1
|
I
|

<+———————MCLK TO ADDRESS STABLE————————»
! ) ACCESS

|
I
|
I
[
I
|

<—— INSTRUCTION TO ADDRESS STABLE —————=

|
|

!
| |
I T
|X |
T |
<MLK 10 SoME ——————
| OUTPUT CONTROL
P | «— mcLk ToScwe
INPUT CONTROL

|

|
I\ | | /

| | |

+| |<— INSTRUCTION TO |

| |

LB/RB INPUT CONTROL
i

g

J+———— mciLkTo1B/RE ——

| OUTPUT CONTROL |

| T T
|
<— MCLK TO LB/RB
INPU‘T CONTROL

8

—

|
|
|
|
|
|
|
|
|
f
|
T
|
|
|

~————————MCLK TO IV BUS STABLE ————————» {
I
I<7 IVBUS —— —— IV BUS
o INPUT ACTIVE | OUTPUT ACTIVE
10—}
DEVICE CROSS HATCHED 7
ACCESS AREA INDICATES /j
IV BUS TRI-STATE
SOLID AREA
INDICATES
CHANGING
DATA

|
|
|
|
|
N — - -
Ly
e
t
|
|

|
|
| ‘ ,
+———— INSTRUCTION TO IV BUS ST-’&‘BLE _—
i
I
|

'.'7 IV BUS TO
ADDRESS STABLE

Figure 18
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DC ELECTRICAL CHARACTERISTICS

8X300-I

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING|UNIT

Vcc Supply voltage 7 "
Logic input voltage| 5.5 \Y
Crystal input 2 Vv
voltage

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max
Vi High level input voltage
X1,X2 6 Vv
All others 2 Vv
VIL Low level input voltage
X1,X2 4 \Y
All others .8 Vv
V|c Input clamp voltage Voo =475V =15
(Note 1) II = -10mA
IIH High level input current
X1,X2 VCC =5.25V 2700 A
VIH = .8V
All others VCC =5.25V <1 50 MA
Vig = 4.5V
IIL Low level input current
X1,X2 Vg =525V -2500 MA
IVBO-7 V=4V -140 | -200 HA
Ve = 5.25V
10-115 VL= 4V -880 | -1600 | wuA
Vg =5.25V
HALT, RESET V=4V -230 | -400 UA
VCC =5.25V
VL= 4V
VoL Low level output voltage
A0-A12 VCC =475V .35 .55 Vv
[OL =4.25mA
All others Voo =475V 35 .55 \
loL = 16mA
VOH High level output voltage VCC =475V 2.4 Vv
IOH =3mA
'OS Short circuit output current
(Note 2) Vg =5.25V -30 -140 mA
VCC Supply voltage 4.75 5 5.28 Vv
lcc Supply current VCC =5.25V 1.60 mA
| Reg Regulator control VCC =5.0V -14 -21 mA
'CR Regulator current (Note 3) 290 mA
Vcr Regulator voltage (Note 3) 2.2 3.2 \"
NOTES

1. Crystal inputs X1 and X2 do not have clamp diodes.

2. Only one output may be grounded at a time

3. (Limits apply for VCC =5V £ 5% and 0°C < TA < 70°C unless specified otherwise.)
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INTRODUCTION

Recenttrends in system design are focusing
on significantly lower costs and greater
reliability while simultaneously maintaining
or improving system preformance. Conse-
quently, second generation as well as new
system designs demand alternatives to con-
ventional logic realizations which substan-
tially reduce the system manufacturing
costs. Signetics’ LSI Logic Family provides
this alternative by employing state-of-the-
art technology to produce Large-Scale-
Integrated, system oriented building
blocks. By replacing a relatively large num-
ber of conventional logic circuits with a few
LS| Logic components, system costs are
reduced in proportion to system printed
circuit board area, total number of circuits
and power requirements. Moreover, system
reliability is increased in direct proportion
to the decrease in the number of integrated
circuits within the system.

SYSTEM LOGIC FAMILY

Signetics’ LS| Logic offers the designer a
dual technology logic family to achieve cost
objectives. First, where speed is a primary
objective, low power Schottky TTL technol-
ogy is employed to yield devices which
feature high speed, low power, and medium
density. Therefore, significant reduction in
the number of high speed logic components
is possible without any sacrifice in per-
formance. The distinct advantages of low
power Schottky TTL give it one of the best
technologies for high performance LS| de-
sign. The particular features of LS are:

e Comparable propagation delay to standard
TTL 7-10ns/gate average

e Low power dissipation—2mW per gate typical
at 50% duty cycle

* Low speed power product—19pj typical

e 45MHz typical maximum J-K flip-flop clock
frequency

e High fan-out capability—22 unitload—LS input
current requirement is 1/4 that of standard TTL
(0.36mA/input). Outputs are capable of sinking
8mA.

¢ High logic density—70 gates/mmz2 of silicon

e Higher system reliability due to reduced power
density.

Secondly, while lower power Schottky of-
fers increased density at high speeds, sub-
stantial component reduction is achieved
with devices employing Integrated Injection
Logic (I2L). The very high density and low
power of 12L makes it extremely attractive
for use in realizing relatively large system
building blocks. System level functions may
each be accomplished at 10MHz speeds by
a single 12L integrated circuit. I12L features
are:

e Speed—comparable to TTL (10-20ns propaga-
tion delay)

* Power—1-2 orders lower than any technology
power down mode

e Density—40% smaller than PMOS—
comparable to NMOS

* |nterface—capability of mixing TTL, ECL cir-
cuits on the same chip.

The LSI Logic series of products are spe-
cially designed to aid system logic design-
ers in the design of high performance, cost
effective systems with a minimal number of
parts. This is achieved through a line of
standard products which are designed with
the following objectives:

e |arge Scale Building Blocks—devices are par-
titioned by function with high-level complexity
and sophistication. These one chip building
blocks are equivalent to 400 to 1500 elementary
logic gates.

e Highest Performance Possible—devices in
each category are optimized in performance
according to their requirements. Devices re-
quiring highest speed are designed using low
power Schottky TTL and devices requiring
medium speed are designed using I2L to mini-
mize device power dissipation and maximize
logic density.

e Off-the shelf items—system logic devices are
designed to allow general purpose usage. De-
vices in this series can be used as stand-alone
items to enhance performance on a certain
system design or to utilize several components
within the family to design a minimal cost
system with minimum number of components,
such as in microprocessor based systems.

SIGNETICS CAPABILITIES

Signetics is a leader in the development of
bipolar LSI logic circuits using both LS and
12L technologies. Our capabilities are dem-
onstrated by an 8-bit Fixed Instruction Mi-
croprocessor that Signetics is presently
manufacturing with low power Schottky
technology.

This circuit, the 8X300 Microcontroller, con-
tains the equivalent of 700 logic gates on a
250X250 mil chip. This capability is being
used to develop the LS| Logic Family and
produce the substantial cost reduction of-
fered by LS| without paying a penalty in
performance.

Signetics is a leader in I2L technology.
Signetics has been researching I2L as a
standard product technology for over three
years. Presently, Signetics possesses one of
the fastest 12L processes in the industry.
Recognizing the vast potential of I2L tech-
nology, Signetics is heavily committed to
develop this high-speed line of LS| products
using this technology. Signetics’ I2L proc-
ess is basically the same process as its low
power Schottky process that utilizes a thin
expitaxial layer for speed improvement.
Since this process is a highly reliable stand-
ard process in Signetics, the confidence

level of producing such LSI circuits is ex-
tremely high. In addition to its own develop-
ment activities, Signetics has access toN.V.
Philips’ vast development resources for
continued development and enhancement
of its present capabilities. This massive
investment will result in continued improve-
ment in speed/power performance of I2L
products.

Table 1 shows expected trends in 2L speed/
power curves during the next five years.
Clearly 12L will play a major role in the
innovation of faster and possibly more com-
plex LS| Logic functions in the support of a
continued exploitation of LSI circuitry in
systems design.

ADVANTAGES

The advantages of using LS| in system
design are multifold. First, note that the
cost of an LS| chip is no more than the sum
cost of the circuits it replaces, consequently
there is a direct saving in manufacturing
costs as a result of a net reduction in the
number of parts. Moreover an LS| system
offers economic advantages over an SSI or
MSI approach besides lowering direct man-
ufacturing costs. Some important consider-
ations are:

* Power supply costs are reduced because logic
cells internal to the device require less drive
capability and consequently consume less
power.

e Field repair costs are reduced because reliabili-
ty is higher with an LSI implementation. This
higher reliability is achieved because IC failure
rates are largely proportional to number of
devices rather than device complexity.

® Another factor to be considered is that the
development cost of printed circuit boards will
decrease because of smaller number of ICs and
that to some extent, this reduction offsets the
cost of layout on the LSI devices.

e Applications requiring medium speed per-
formance are often forced to use lower density,
high speed semiconductor devices due to lack
of availability of medium speed LS| devices. I2L
has changed this picture significantly. With the
capability of controlling the amount of device
injection current into an LS| circuit, the device
can be controlled to operate at the desired
speed and power for that particular application;
thus, power consumption is minimized.

USING STANDARD LS PROCESS

Average Propagation Delay

10-20ns at 200uA/Gate Injection Current

Density (Dual Layer Metal)

Shift Register etc.
Random Logic
Single Inverter

320 gates/mm2
150 gates/mmz2
1.5 mil2

Chip Complexity

2000 gates at maximum speed (Random Logic)
4000 gates at maximum speed (Regular Arrays)

Speed-Power

3pj @ maximum speed
0.35p] @ < 1MHz

Table 1 SIGNETICS I2L CAPABILITY
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OBJECTIVE SPECIFICATION 74S182/183-A,F W
DESCRIPTION Logic equations provided attheoutputsare: PIN CONFIGURATION
The“182" is a high speed Look-Ahead Carry Cn+x = Go + PoCn A.F.W PACKAGE
Generator ordinarily used with the “181” 4- Cn+y = G1 + P1Go + P1PoCn
Bit ALU or other arithmetic processing ele- N 5]
ments. This combination provides high Cn+z = G2 + P2G1 + P2P1Go + P2P1PoCn e . Yee
speed Look-Ahead over word lengths of G =G3 + P3Gz + P3P2G1 + PaP2P1Go e 2] BBlp2
more than 4 bits. B p weurs ) 90 1 [14] g2 ¢ INPUTS
] 3] c,
The 182" accepts up to 4 pairs of active Low FEATURES " =] 7] ¢
Carry Propagate and Carry Generate sig- ) s < Criin
: : : e Provides look-ahead carries across a
nals, an active High Carry input, and pro- " rs ] (1] c, . y {our-
vides anticipated active High carries across grsigs a1 AL o 0] PUTS
4 G76UPs G BINATY AUEEHS ® Multi-level look-ahead for high speed outPuT P L7 G
' arithmetic operation over long word ano [E] e, .,
lengths
INPUT/OUTPUT SCHEMATICS PIN DESIGNATION
EQUIVALENT OF EACH INPUT PIN NOS. DESIGNATION FUNCTION
Vee INPUT Req NOM Active-Low
Cn 2.8k G0,G1,G2,G3 8.3,14,5 Carry Generate Inputs
P3 1.4kQ e o
P2 9400 ctive-|
PO,P1,G3 7000 PO,P1,F2,P3 42,15, Carry Propagate Inputs
INPUT GO0,G4 4000
G1 3500 Cn 13 Carry Input
Cn+x, Cn+yY
Crez 12,11,9 Carry Outputs
Active-Low
G 19 Carry Generate Output
- Active-Low
7 Carry Propagate Output
TYPICAL OF ALL OUTPUTS Voo 16 Supply Voltage
——0¢e GND 8 Ground
50 (INOM
——CO OUTPUT
B
PN
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OBJECTIVE SPECIFICATION

DC ELECTRICAL CHARACTERISTICS

745182/183-A,F,.W

PARAMETER TEST CONDITIONS taside 745183 UNIT
Min Typ Max Min Typ | Max
ViL Input Low voltage Vce = Min 0.8 0.8 \"
ViH Input High voltage Vce = Min 2.0 2.0 Vv
Vcb Input clamp diode voltage Vce = Min, IIN =-12mA -1.5 -1.2 "
VoL Output Low voltage Vce = Min, loL = 16mA 0.4 0.5 v
VoH Output High voltage Vce = Min, lon = -800uA 24 2.7 Vv
IH Input High current Vce = Max, VIN = 2.4V
Cn input 80 50 uA
P2 input 160 150 nA
P3 input 120 100 nA
Po, P1, G3 input 200 200 uA
Go, G2 input 360 350 pA
G+ input 400 400 uA
L Input Low current Vce = Max, Vin = 0.4V
Cn input -3.2 -2.0 mA
P2 input -6.4 -6.0 mA
P3 input -4.8 -4.0 mA
Pg, P1, G3 input -8.0 -8.0 mA
Go, Gz input -14.4 -14 mA
G1 input -16 -16 mA
los Output short circuit current Vce = Max -40 -100 | -40 -100 mA
Icc Power supply current Vce = Max, ViN =5V 72 109 mA
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V unless otherwise specified.
PARAMETER TO FROM TEST CONDITIONS S4/m4 S4774S UNIT
Min | Typ [Max| Min | Typ | Max
Propagation delay time
trLH Low to high 11 |17 ns
tpHL High to low 15 | 22
trLH  Low to high GO, G1, G2 Cn+x, 45| 7
G3, PO, P1 Ch+y 45| 7
tpHL High to low P2, P3 Cn+z CL = 15pF
tpLH Low to high GO, G1, G2, G RL = 40001 5 |75
G3, P1, P2 RL=28002 7 |10.5
tpHL High to low P3
trLH Low to high PO, P1, P2 P 45 | 6.5
P3
tpHL High to low 6.5 | 10
trLH Low to high Cn Ch+x, 6.5 | 10
Cn+y
tpHL High to low Ch+z 7 [10.5
NOTES

Load circuit and typical waveforms are shown at the front of section.

1. RL = 4000 for 54/74.
2. RL = 28010 for 54/748.
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OBJECTIVE SPECIFICATION 74S182/183-A,F, W

LOGIC DIAGRAM

Cnp GO PO G1P1 G2 P2 G3 P3
(o] o0 00 TO
] L I ERRIIRRIIIRNI . 00 Al
Cn+x Cniy Cnyz G P
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DESCRIPTION

The 54/74LS273 is an Octal D Flip-Flop
used primarily as an 8-bit positive edge-
triggered storage register. D input informa-

LOGIC DIAGRAM

tion is transferred to storage during the Low
to High transition of the clock pulse. The
Master Reset (MR) input simultaneously
clears all flip-flops when low.

D4 D, D3 Dy Dy Dg D, Dg
I (3) | (4) () 1 (8) ‘(13» ’m, |m> (18)

CP—DO . . ' ' ; : i\ " 1 ]

D o D Q b @ D Q La Q )

> CP P> Ccp >CcP B> CP > CP >Cp

(1)
s oo
@ ) [ (@ [i12 1) [e) (19)
Q, Q, a3 Q, Qs Qg a; Qg

54L.S273-N e 74L.S273-N

PIN CONFIGURATION

N PACKAGE
wr [0 [20] Vee
(3] [Z 19] Q8
D1 E E D8
o2 [4] 7] o7
a2 [5] 16] a7
Q3 E 15] as
o3 [7] [74] b
oa [2] [13] os
Q4 E E as
GND [10 E] cp

TSI

DESCRIPTION

The 54/74LS377 is an Octal D Flip-Flop
used primarily as an 8-bit positive edge-
triggered storage register. D input informa-
tion is transferred to storage during the Low

LOGIC DIAGRAM

to High transition of the clock pulse. The
edge-triggered Clock Enable (CE) input
enables the clock when Low and holds data
when High.

D4 D, D3 D4 Ds D¢ Dy Dg
3, 4 7 8, 13, 14 17, (18)
CP—-DG @ @ | |® |02 _|(> o
D Q D Q D Q D a D Q \*D Q| {D Q) D Q
> CP > CP pCP P CP P CP cP P> CP > CP
a1 T
CE
[@ [® B © |02 [os) [cre) (19)
Q4 Q, Q3 Q, Qs Qg Qy Qg

541.5273-N o 74L.S273-N

PIN CONFIGURATION

N PACKAGE
e [0 [20] Vee
at E 19] a8
o1 2] 18] ps
o2 [4] E D7
a2 [&] ,T_G] a7
a3 [6] 15] s
D3 E 14] ps
os (5] (73] os
as [7] [12] os
GND [10 (1] cp

Sijnntics

69




825100 (1.5.) 85101 (0.6

DESCRIPTION

The 825100 (tri-state outputs) and the
82S101 (open collector outputs) are Bipolar
Programmable Logic Arrays, containing 48
product terms (AND terms), and 8 sum
terms (OR terms). Each OR term controls an
output function which can be programmed
either true active-high (Fp), or true active-
low (F ). The true state of each output
function is activated by any logical combi-
nation of 16-input variables, or their com-
plements, up to 48 terms. Both devices are
field programmable, which means that
custom patterns are immediately available
by following the fusing procedure outlined
in this data sheet.

The 825100 and 82S101 are fully TTL com-
patible, and include chip-enable control for
expansion of input variables, and output
inhibit. They feature either open collector or
tri-state outputs for ease of expansion of
product terms and application in bus-
organized systems.

Both devices are available in commercial
and military temperature ranges. For the
commercial temperature range (0°C to
+75°C) specify N82S100/101,l or N, and for
the military temperature range (-55°C to
+125°C) specify S82S100/101,1.

FPLA EQUIVALENT LOGIC PATH

0y
1

|
Py — — —— -

LOGIC FUNCTION

Typical Product Term:
Po=lge lye lpe l5ely3

Typical Output Functions:
Fo = (CE) + (Pg + Py + P;) @ S = Closed
Fg = (CE) + (Po+ Py+ P,) @ S = Open

NOTE

For each of the 8 outputs, either the function Fp
(active-high) or FE; (active low) is available, but not
both. The required function polarity is programmed
via link (S).

APPLICATIONS

CRT display systems
Random logic

Code conversion
Peripheral controllers
Function generators
Look-up and decision tables
Microprogramming
Address mapping
Character generators
Sequential controllers
Data security encoders
Fault detectors
Frequency synthesizers

TRUTH RATINGS

82S100-1,N * 825101-I,N

PIN CONFIGURATION

I,N PACKAGE*
ret [1] 28] Vee
. [ o
F. [13] 6] F2
Gno [14] E Fy
* | = Ceramic
N = Plastic

t+Open during normal operation

THERMAL TABLE

R 8
— OUTPUT
CE FUNCTIONS
F

No—

MODE | Pn |CE |Sr 2 1(Pn)| Fp | Fp com-
= TEMPERATURE MILI- MER-
Disabled - TARY CIAL
(825101) -
Disablod X |1 X Maximum
isable ) ) i i o °
Hi-z|Hi-Z! junction 175°C | 150°C
(82S100) Maximum
| 0 Yes 1lo ambient 125°€ 75°C
0 ol1 Allowable thermal
Read rise ambient
X |0 No 01 to junction 50°C | 75°C
LOGIC DIAGRAM
16
INPUTS
SUM MATRIX s - o———— Iy
(POSITIVE “"OR"” GATES) ?
—;— g é Vee A Z X Z X 2
3 »Kg wfq}d *}} 0—{(? 1»—f<|} Pk?
2 " 2 AN
q q q»:rﬁ q
¢
MAviav AR DR i
PRO‘I;UCT
i e T i i i n TERMS
T oA 3 T T A T T FooF *
b)] R/v Pa ggu } AA
s) s s sy 51 s, N E )
_E’l PRODUCT MATRIX
= = (POSITIVE "AND” GATES)
Vee
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ABSOLUTE MAXIMUM RATINGS?

PARAMETER RATING UNIT
Min Max
Vce Supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vout Output voltage +5.5 Vdc
N Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range °C
TaA Operating
N82S100/101 0 +75
S825100/101 ~-55 +125
TstG Storage -65 +150

DC ELECTRICAL CHARACTERISTICS N82S100/101: 0° < Ta = +75°C, 4.75V < Vcc < 5.25V

$825100/101: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V

82S100-I,N e 825101-I,N

N82S100/101 $82S100/101
PARAMETER TEST CONDITIONS Min [ Typ | Max | Min] Typ | Max UNIT
Input voltages \
ViH High Vce = Max 2 2
ViL Low Vce = Min 0.85 N 0.8
Vic Clamp34 Vce = Min, In=-18mA -0.8 | -1.2 -0.8| -12
Output voltage Vce = Min \
VOH High (825100136 loL = 9.6mA 2.4 2.4
VoL Low36 lon = -2mA 0.35 | 0.45 0.35| 0.50
Input current uA
IiH High ViN = 5.5V <1 25 <1 50
liL Low ViNn = 0.45V -10 | -100 -10 | -150
Output current Vce = Max
loLk Leakage? Vourt = 5.5V 1 40 1 60 wA
lo(oFF) Hi-Z state (82S100)7 Vourt = 5.5V 1 40 1 60 uA
Vout = 0.45V =1 -40 -1 -60
los Short circuit (825100)4.8 VouTt = 0V -20 -70 | -15 -85 | mA
Icc Vce supply current? Vce = Max 120 | 170 120 | 180 | mA
Capacitance’ Vce = 5.0V 8 8 pF
CiN Input VIN = 2.0V 17 17
Cout Output Vout = 2.0V
AC ELECTRICAL CHARACTERISTICS R1=4700, Rz = 1kQ, CL = 30pF
N82S100/101: 0°C < Ta < +75°C, 4.75V < Vce < 5.25V
S$825100/101: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V
N82S100/101 $825100/101
PARAMETER T0 =
FROM Min Typ?2 | Max Min Typ2 | Max Ut
Access time ng
Tia Input Output Input 35 50 35 80
Tce Chip enable Output Chip enable 15 30 15 40
Disable time ns
Tco Chip disable Output Chip enable 15 30 15 40
NOTES on following page.
7
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NOTES

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device of these or any other
condition above those indicated in the operation of the device specifications is not implied.

. All typical values are at Vcc = 5V, Ta = 25°C

. Test one at the time.
. Measured with V|_ applied to CE and a logic high stored.

[ IS I AN N

sink current is applied thru a resistor to Vcc.
. Measured with: ViH applied to CE.
8. Duration of short circuit should not exceed 1 second.

~

. All voltage values are with respect to network ground terminal.

. Measured with a programmed logic condition for which the output test is at a low logic level. Output

9. lcc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.

TEST LOAD CIRCUIT

825100-1,N e 825101-I,N

VOLTAGE WAVEFORM

Voo
loO—b +6V
|
: B
| puT |
| I
| L, G
e I
- —L (INCLUDES
CE 0—p GNb = = SCOPE AND JIG
_I_ CAPACITANCE)
TIMING DIAGRAM
READ CYCLE
+3.0v
INPUT }(1.“
ov
_ 3.0V
CE 1.5V 1.5V
ov
Tce |<—Tco—>1
— Vou
Fo-F; 1.5V st%
- = VoL
lt—Ta

TIMING DEFINITIONS

Tce Delay between beginning of Chip
Enable low (with Address valid)
and when Data Output becomes
valid.

Delay between when Chip Enable
becomes high and Data Output is
in off state (Hi-Z or high).

Delay between beginning of valid
Input (with Chip Enable low) and
when Data Output becomes valid.

Tco

TiA

VIRGIN DEVICE

The 825100/101 are shipped in an unpro-

grammed state, characterized by:

1. All internal Ni-Cr links are intact.

2. Each product term (P-term) contains both
true and complement values of every
input variable Im (P-terms always logical-
ly “false”).

72

3. The “OR” Matrix contains all 48-P-terms.

4. The polarity of each outputis set to active
high (Fp function).

5. All outputs are at a low logic level.

RECOMMENDED
PROGRAMMING PROCEDURE

To program each of 8 Boolean logic func-
tions of 16 true or complement variables,
including up to 48 P-terms, follow the Pro-
gram/Verify procedures for the “AND" ma-
trix, “OR” matrix, and output polarity out-
lined below. To maximize recovery from
programming errors, leave all links in un-
used device areas intact.

SET-UP
Terminate all device outputs with a 10K
resistor to +5V. Set GND (pin 14) to OV.

Sifnotics

INPUT PULSES

Measurements: All circuit delays are measured at the
+1.5V level of inputs and outputs.

Output Polarity

PROGRAM ACTIVE LOW

(FP FUNCTION)

Program output polarity before program-
ing “AND” matrix and “OR” matrix. Pro-
gram 1 outputat the time. (S) links of unused
outputs are not required to be fused.

1. Set FE (pin 1) to VFEL.

2. Set Vcc (pin 28) to Vccel.

3. Set CE (pin 19), and I through 115 to V.

4. Apply VopH to the appropriate output,
and remove after a period tp.

5. Repeat step 4 to program other outputs.

VERIFY OUTPUT POLARITY

1. Set FE (pin 1) to VFeL; set Vcc (pin 28) to

Vcces. o

Enable the chip by setting CE (pin 19) to

ViL.

. Address a non-existent P-term by apply-
ing ViH to all inputs lo through I1s.

. Verify output polarity by sensing the
logic state of outputs Fo through F7. All
outputs at a high logic level are pro-
grammed active low (Fp function), while
all outputs at a low logic level are pro-
grammed active high (Fp function).

. Return Vcc to Veep or Veel.

2.



“AND” Matrix
PROGRAM INPUT VARIABLE

Program one input at the time and one P-
term at the time. All input variable links of
unused P-terms are not required to be
fused. However, unused input variables
must be programmed as Don’t Care for all
programmed P-terms.

1. Set FE (pin 1) to VFeL, and Vcc (pin 28)
to Vcep.

2. Disable all device outputs by setting
CE (pin 19) to ViH.

3. Disable all input variables by applying
Vix to inputs lo through I1s.

4. Address the P-term to be programmed

(No. 0 through 47) by forcing the corre-

sponding binary code on outputs Fo

through Fs with Fp as LSB. Use stand-

ard TTL logic levels Voxr and VoLF.

If the P-term contains neither lg nor lo

(input is a Don't Care), fuse both lp and

lo links by executing both steps 5b and

5c, before continuing with step 7.

If the P-term contains lo, set to fuse the

lo link by lowering the input voltage at

lo from Vix to ViH. Execute step 6.

If the P-term contains lo, set to fuse the

lo link by lowering the input voltage at

lo from Vix to VL. Execute step 6.

After tp delay, raise FE (pin 1) from VrgL

to VFEH.

After tp delay, pulse the CE input from

Vi to Vix for a period tp.

. After tp delay, return FE input to VFeL.

7. Disable programmed input by return-
ing lo to Vix.

8. Repeat steps 5 through 7 for all other
input variables.

9. Repeat steps4through 8 forall other P-
terms.

10. Remove Vix from all input variables.

5a.

5b.

5¢.

6a.

6b.

VERIFY INPUT VARIABLE

1. Set FE (pin 1) to VFEeL; set Vcc (pin 28) to
Vcer. o

2. Enable F7 output by setting CE to Vix.

3. Disable all input variables by applying Vix
to inputs lo through l1s.

4. Address the P-term to be verified (No. 0
through 47) by forcing the corresponding
binary code on outputs Fo through Fs.

8.

Interrogate input variable g as follows:

A. Lower the input voltage at Ip from Vix

to Vi, and sense the logic state of
output F7.

B. Lower the input voltage at lo from ViH
to ViL, and sense the logic state output
F7.

The state of lp contained in the P-term is
determined in accordance with the follow-
ing truth table:

INPUT VARIABLE STATE

lo | F7 CONTAINED IN P-TERM
0|1 T

110

0|0 Iy

1 1

? Don’t Care

il

- o

0 (lo), (To)
0

Note that 2 tests are required to uniquely
determine the state of the input variable
contained in the P-term.

6. Disable verified input by returning lo to
Vix.

7. Repeat steps 5 and 6 for all other input
variables.

8. Repeat steps 4 through 7 for all other P-
terms.

9. Remove V|x from all input variables.

“OR” MATRIX

PROGRAM PRODUCT TERM

Program one output at the time for one P-
term at the time. All Pp links in the “OR”
matrix corresponding to unused outputs
and unused P-terms are not required to be
fused.

1.
2.

3.

Set FE (pin 1) to VFEL.

Disable the chip by setting CE (pin 19)
to ViH.

After tp delay, set Vcc (pin 28) to Vces,
and inputs ls through 115 to Vin, ViL, or
Vix.

Address the P-term to be programmed
(No. 0 through 47) by applying the
corresponding binary code to input

Sifnotics

82S100-I,N ¢ 82S101-I,N

variables lg through Is, with lg as LSB.

5a. If the P-term is contained in output
function Fo (Fo= 1 or F=0), gotto step
6, (fusing cycle not required).

5b. If the P-term is not contained in output
function Fo (Fo=0 or Fg=1), setto fuse
the Pn link by forcing output Fo to
VoPF.

6a. After tp delay, raise FE (pin 1) from
VFEL to VFEH. _

6b. After tp delay, pulse the CE input from
ViH to Vix for a period tp.

6¢c. After tp delay, return FE input to VFEL.

6d. After tp delay, remove Vopr from out-
put Fo.

7. Repeat steps 5 and 6 for all other out-
put functions.

8. Repeat steps 4 through 7 for all other
P-terms.

9. Remove Vccs from Vee.

VERIFY PRODUCT TERM

i 4
2

3.

4.

5.

6.

Set FE (pin 1) to VFEL. N

Disable the chip by setting CE (pin 19) to
ViH.

After tp delay, set Vcc (pin 28) to Vcces,
and inputs lothrough l15to Vi, Vi, or Vix.
Address the P-term to be verified (No. 0
through 47) by applying the correspond-
ing binary code to input variables lo
through Is.

After tp delay, enable the chip by setting
CE (pin 19) to ViL.

To determine the status of the P link in
the “OR” matrix for each output function
Fp or Fp, sense the state of outputs Fo
through F7. The status of the link is given
by the following truth table:

OUTPUT

Active High

Active Low| P-TERM LINK

(Fp) (Fp)

Fused
Present

7. Repeat steps 4 through 6 for all other P-

terms.

8. Remove Vccs from Vce.
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OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (TYPICAL)

VOPH- =

90% ¥ .
OUTPUT Fp TR
VOLTAGE 10% Fp 35
v pL_v-’- t Pt p+2
o1 ~to=
- ces (VERIFY)
Veel
——]{ tD je— t D e
Vi
_ Vi — b= U
CE —{tof— —Jtpje—
TPR Tes °
(PROGRAM) (PAUSE)

“AND” MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

— Vix—
& X
Vin

e

Vee=Veer
v -—— — -
OH -
Fos Pn | PN+
R R — —_
Vix e e e i
“H T T p— - e
| VIH ot I.___-_____1| 1 m I" |
by, ] i [, I Lo i ot o
Voo N
OHo o — e ————— ——
- U
4 VOL__U
(VERIFY OUTPUT) ThR -
i 1
D™ (PROGRAM) (PAUSE)
VFEH__ A ——
90% r—(VERtFV}
FUSE H—Tr |<_. /
ENABLE Vg, o 19%] I,

Vil

“OR” MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

Vees PN g S ———
Vee Vceep
| ViH - - =i =
o s N N+
Vi - _——
-tDI._ (P NOT IN Fp/Fp)
VOoPF—p——— = — N E - ——————— - i
F v i e e A = )
07 OH LTSN T
VoL ——=2h “d
T T
PR PS
S ‘D
v (PROGRAM (PAUSE)
FEH— -
FUSE [ 90%
ENABLE T
W 10% R
FEL s e
—={tple— — (VERIFY)
v
S S i — ;
3 Vin tp u— ______ __.r
Q‘DL—‘"D"—- —V|L

SiNOTES
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82S5100-I,N e 825101-I,N

PROGRAMMING SYSTEM SPECIFICATIONS ' (Ta=+25°C)
PARAMETER TEST CONDITIONS " LIMITS UNIT
Min Typ Max
Vces Vce supply (program/verify lccs = 550mA, min, 8.5 8.75 9.0 \Y
“OR”, verify output polarity)2 Transient or steady state
VceL Vcce supply (program output polarity) 0 0.4 0.8 Vv
Iccs Icc limit (program “OR”) Vces = +8.75 + .25V 550 1,000 mA
Output voltage \
VorH Program output polarity3 lopH = 300 = 25mA 16.0 17.0 18.0
VopL Idle 0 0.4 0.8
loPH Output current limit (Program output VopH = +17 £ 1V 275 300 325 mA
polarity)
Input voltage v
ViH High 2.4 55
ViL Low 0 0.4 0.8
Input current MA
liH High ViH = +56.5V 50
L Low ViL =0V -500
Forced output voltage \Y
VoHF High 2.4 5.5
VoLF Low 0 04 0.8
Output current
loHF High VoHF = +5.5V 100 WA
loLF Low VoLF = 0V -1 mA
Vix CE program enable level 9.5 10 10.5 %
lix1 Input variables current Vix = +10V 2.5 mA
lix2 CE input current Vix = +10V 5.0 mA
VFEH FE supply (program)3 IFEH = 300 + 25mA, 16.0 17.0 18.0 v
Transient or steady state
VFEL FE supply (idle) IFEL = -1mA, max 1.25 1:5 1.76 \
IFEH FE supply current limit VFEH = +17 £ 1V 275 300 325 mA
Veep Vce supply (program/verify “AND") Iccp = 550mA, min, 4.75 50 | 525 v
Transient or steady state
lccp Icc limit (program “AND”) Vcep = +5.0 £ .25V 550 1,000 mA
Vopr Forced output (program) 9.5 10 10.5 Y
lopF Output current (program) 10 mA
TR Output pulse rise time 10 50 s
tp CE programming pulse width 0.3 0.4 0.5 msS
to Pulse sequence delay 10 s
TPR Programming time 0.6 ms
TPR ; 50 L%
———— Programming duty cycle °
Ter + Tps ¢ oy oy
FL Fusing attempts per link 2 cycle
Vs Verify threshold4 1.4 1.5 1.6 Vv
NOTES
1. These are specifications which a Programming System must satisy in order to be qualified by
Signetics.
2. Bypass Vce to GND with a 0.01uf capacitor to reduce voltage spikes.
3. Care should be taken to ensure that the voltage is maintained during the entire fusing cycle. The
recommended supply is a constant current source clamped at the specified voltage limit.
4. Vsisthe sensing threshold of the FPLA output voltage for a programmed link. It normally constitutes
the reference voltage applied to a comparator circuit to verify a successful fusing attempt
5. These are new limits resulting from device improvements, and which supersede, but do not obsolete
the performance requirements of previously manufactured programming equipment
75
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16X48X8 FPLA PROGRAM TABLE

825100-I,N e 825101-I,N

THIS PORTION TO BE COMPLETED BY SIGNETICS

CF (XXXX)

CUSTOMER SYMBOLIZED PART #

DATE RECEIVED
COMMENTS

PROGRAM TABLE ENTRIES

INPUT VARIABLE

OUTPUT FUNCTION

OUTPUT ACTIVE LEVEL

Im Im Don't Care

Present in Fp

Prod. Term Not
Present in Fp

Prod. Term

Active Active
High Low

H L — (dash)

A ® (period)

H L

NOTE

Enter (—) for unused inputs of used
P-terms.

NOTES

1. Entries independent of output polarity
2. Enter (A) for unused outputs of used P-terms

NOTES

1. Polarity programmed once only.
2. Enter (H) for all unused outputs

PRODUCT TERM*

BIE
5/4(3l2]1]0

z
o

_INPUT VARIABLE"

——= T

o] 8

o
S
|
)]
S
o

7|6

ACTIVE LEVEL"
—T_t_r—l—l*'r_ﬁ'_'
I TR (N S S NN SR B
OUTPUT FUNCTION*
7]16[s]4[3]2]1] 0

o NlOn|d W iNn- | o

—+—

—+

-k
»

CUSTOMER NAME

PURCHASE ORDER #

SIGNETICS DEVICE #

TOTAL NUMBER OF PARTS
PROGRAM TABLE #

DATE

REV

* Inputand Output fields of unused P-terms can be left blank. Unused inputs and outputs are F PLA terminals left floating.
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825100-I,N  82S101-I,N

PUNCHED CARD CODING using standard 80-column IBM cards. For  order. Not all 48 Product Terms need to be
FORMAT each FPLA Program Table, the customer  present. Unused Product Terms require no

should prepare in input card deck in ac- entry cards, and will be skipped during the
The FPLA Program Table can be supplied  cordance with the following format. Product  actual programming sequence:
directly to Signetics in punched card form, Term cards 3 through 50 can be in any

CARD NO.1—Free format within designated fields.

||| 1f2{2f2|2|2|2|2|2|2|2|3|3(3|3|3|3|3|3|3|3|4|4|a(a|a|a|4|a|4|4|5/5|5[/5|5|5|5|5|5|5|6|6|6|6|6|6|6(6|6[/6|7(7|7|7|7(7|7|7|7(7|8
1|2|3|4f{5|6|7|8(9|0|1]|2|3|4[{5|6(7|8|9(|0|1|2(3|4|5|6|7|8|9|0|1|2|3|4|5|6|7|8|9|0|1|2(3|4(5(|6|7|8|9|0|1|2|3|4|5|6|7|8|9|0|1]|2|3|4|5|6[7|8|9|0[1|2|3|4(5|6|7|8[9|0
C|F REIV

SIGNETICS CUSTOMER NAME PROGRAM TABLE NO REVISION DATE

DEVICE NO (1 ALPHA CHAR.)

SYMBOLIZED PART NO

CARD NO. 2—

F Fs

OUTPUT ACTIVE LEVEL (8) TOTAL PRODUCT TERMS USED (2 DECIMAL DIGITS) COMMENTS (FREE FORMAT)

CARD NO. 3 through NO. 50

Tl )] 1|2|2|2|2|2|2|2|2|2|2|3|3|3|3|3|3|3|3|3|3(|4|4|4a(a|a|a|a|a|a|a|5|5
1|2|3|4(5|6|7|8(9|0|1|2|3|4(5|6(7|8|9(0|1|2|3|4|5|6|7|8|9(0|1|2|3|4|5|6|7|8|9(0|1|2|3|4|5|6|7|8|9|0[1]|2|3]|4|5|6|7|8[(9]|0|1|2]|3|4|5|6(7|8(9|0[1{2(3|4|5|6|7(8|9|0

o
o
o
o
o
o
@
o
o
o
E)
@
o
o
o
o
o
o
~
~
~
~
~
~
~
~
~
~
)

INPUT VARIABLE (16) OUTPUT FUNCTION (8) COMMENTS (FREE FORMAT)

PRODUCT TERM NO. (00 THROUGH 47)

CARD NO. 51

COMMENTS (FREE FORMAT)

Output Active Level entries are determined  Input Variable entries are determined in  Output Function entries are determined in

in accordance with the following table: accordance with the following table: accordance with the following table:
OUTPUT ACTIVE LEVEL INPUT VARIABLE OUTPUT FUNCTION
= Product term Product term not
i i i Im Im Don’t care ) ;
Actw:f high Actlee low . 3 et present in Fp present in Fp
A « (period)
NOTES NOTE NOTES
1. Polarity programmed once only. Enter (—) foriunused inputs of used P-terms. 1. Entries independent of output polarity.
2. Enter (H) for all unused outputs. 2. Enter (A) for unused outputs of used P-terms.
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TWX TAPE CODING FORMAT

The FPLA Program Table can be sent to
Signetics in ASCII code format via airmail
using any type of 8-level tape (paper, mylar,
fanfold, etc.), or via TWX: just dial (910) 339-

9283, tell the operator to turn the paper
puncher on, and acknowledge. Atthe end of
transmission instruct the operator to send
tape to Signetics Order Entry.

A number of Program Tables can be se-

825100-1,N e 82S101-I,N

quentially assembled on a continuous tape
as follows, however limit tape length to aroll
of 1.75 inch inside diameter, and 4.25 inch
outside diameter:

T — 1 R e T T W
| o TE [25 | sus | : | s | sus : _{ : t-:_ 12 |/
teaper | 2 | MAN | cm | LEaDING | RUBOUTS | PROGRAM TABLE | (c/r) | HEADING RUBOUTS PROGRAM TABLE | ' lrga i ER
I E | HEADING | I ' ! I DATA (N E
1 em 15 | MIN. o) | MIN. DATA (1) | MIN. (N) VIS (N) I'5 1 cmr I
L= 1 | b s v e el Ty

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character,
whether used or not:

1. Customer Name 4. Purchase Order No.
2. Customer TWX No.

3. Date

5. Number of Program Tables

6. Total Number of Parts

B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:

1. Signetics Device No. 4. Date

2. Program Table No. 5. Customer Symbolized Part No.

3. Revision 6. Number of Parts

C.Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data
consists of Output Active Level, Product Term, and Output Function information separated by appropriate identifiers in
accordance with the following format:

START OF DATA TEXT
(CONTROL A or B)
START OF DATA

START OF DATA FIELD
PRODUCT TERM IDENTIFIER

1 SPACE (MANDATORY) END OF DATA TEXT

FIELD PRODUCT TERM NUMBER START OF DATA FIELD (CONTROL C)
ACTIVE LEVEL (2 DECIMAL DIGITS) i
IDENTIFIER START OF DATA FIELD OUTPUT FUNCTION IDENTIFIE
ACTIVE LEVEL DATA INPUT VARIABLE IDENTIFIER OUTPUT FUNCTION DATA INPUT AND QUTPUT DATA FOR
(a DIGITS. H/L) INPUT VARIABLE DATA (8 DIGITS. A/e) ALL PRODUCT TERMS USED
(16 DIGITS, H/L ) | I
] r " e e —— -_—— —— — — 7/
STX*A F7F(,-F¢-,F4F3FQF1F0 P 00" ! I15IMI|3I‘21”I‘OI9I8I7|5I5I4|3IQI‘IO‘ F F;FgFsFiFsFFFo* P 01 ... . F : A Fo ETX
Entries for the 3 Data Fields are determined in accordance with the following Table:
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
b , Product term Product term not . " "
Im Im Don’t care resent in E resent in F Active high Active low
H L — (dash) g P reEssbl. 1 Fp H L
A o (period)
NOTE NOTES NOTES
Enter (—) for unusedinputs of used P-terms. 1. Entries independent of output polarity. 1. Polarity programmed once only.

2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs.

Although the Product Term data are shown entered in sequence, this is not necessary. It is possible to input only one Product
Term, if desired. Unused Product Terms require no entry. ETX signalling end of Program Table may occur with less than the
maximum number of Product Terms entered.

NOTES

1. Corrections to any entry can be made by backspace and rubout. However, limit consecutive rubouts
to less than 25.

2. P-Terms can be re-entered any number of times. The last entry for a particular P-Term will be
interpreted as valid data.

3. Any P-Term can be deleted entirely by inserting the character (E) immediately following the P-Term
number to be deleted, i.e., *P 25E deletes P-Term 25.

4. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be
interspersed between data groups, but only preceding an asterisk (*).

5. Comments are allowed between data fields, provided that an asterisk (*) is notused in any Heading or
Comment entry.
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TYPICAL APPLICATIONS
SUBROUTINE ADDRESS MAP

==

16 BIT INSTRUCTION

ADDRESS MAP (EPLA) 3

am— e [

MICROPROGRAM
ROM

@ Q SUB 1
STATUS > - SUB 2
(FPLA) 2 S e s eSS
(@) BRANCH LOGIC |
JUMP CONDIT. _ |

(8) SUB 48

m—— 2]

CONTROL FIELD

SEQUENTIAL CONTROLLER

PARITY
CcLOoCK
Y
DATA (12) PARITY
PAR CHECK & RESET
GENERATOR > LATCH e
ERROR
) =
Q
(12) > CcE ) [
FPLA
@) @
OUTPUT
@) >
LATCH

CLOCK *j
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82S200-1,N e 825201-I,N

DESCRIPTION APPLICATIONS* PIN CONFIGURATION

The 828200 (tri-state outputs) and the e CRT display systems I'N PACKAGE"

828201 (open collector outputs) are Bipolar ~ ® Random logic ’

Programmable Logic Arrays, containing 48 e Coée conversion net [T] 78] vee

productterms (AND terms),and8sumterms e Peripheral controllers

(OR tems). Each OR term controlsanoutput ~ ® Function generators v 2] [27] 1.

function which can be programmed either e Look-up and decision tables e [3] [26] 1.

true active-high (Fp), or true active-low (Fp*). e Microprogramming . 7] [%5] 1,

The true state of each output function is e Address mapping

activated by any logical combination of 16- e Character generators i ] 24]

input variables, or their complements, upto e Sequential controllers L [6] 23] 1.

48 terms. Both devices are mask program- e Data security encoders L [7] [22] 1.,

mable by supplying to Signetics Program e Fault detectors y [5] o

Table data in one of the formats specifiedin e Frequency synthesizers ‘

this data sheet. ) 6 (9] [20] 1.
*For diagrams of Typical Applications reference 825100 o

The 825200 and 82S201 are fully TTL com-  (T.5./828101 (O.C.) Data Sheet. kol 0] c

patible, and include chip enable control for F [0 18] F,

expansion of input variables, and output r [12] [77] *,

inhibit. They feature either open collector or . [E] 5] -

tri-state outputs for ease of expansion of

product terms and application in bus- GND [14 [15] 7,

organized systems. *| = Ceramic

Both devices are available in commercial N= Plastio g

o tOpen during normal operation
and military temperature ranges. For the

commercial temperature range (0°C to TRUTH TABLE THERMAL RATINGS
+75°C) specify N825200/201, | or N, and for — =
the military temperature range (-55°C to MODE Pn | CE |Sr Zf(Pn)| Fp| Fp COM-
+125°C) specify $825200/201, I. Disabled TEMPERATURE MiLI- MER-
(825201) L TAY | Gal
X 1 X ;
Disabled : : Maximum
PLA EQUIVALENT LOGIC PATH BT Hi-Z|Hi-Z junction 175°C - | 150°C
Maximum
1 0 Yes 110 ambient 125°C 75°C
o 0 01 Allowable thermal
_____________ e x| o No ol 1 rise ambient
to junction 50°C I5°C
LOGIC DIAGRAM
16
TS
SUM MATRIX .”:‘PllyJ lo
(POSITIVE "OR"” GATES) Y ? ?
4 N
_i_ Vee
: - 3 1+ MV
I . S Mj q»k]] o{<1] »{41 »k]]
P“L—-«--) = S,Z i 1 VWA
- 2 - ? A
) < [ L
=AM
02 8 -\
48
LOGIC FUNCTION | J 1 J R PR R PR I8 s
Typical Product Term: i g i TY T T ? T
Po=lge lyelaelselyy {qi
Typical Output Functions: s s = X5 = 2
Fo=(CE) + (P + P, + Py) @ S = Closed ) ' ' . PRODUCT MATRIX ’
Fs = (CE) + (Pge Pys P,) @ S = Open = = (POSITIVE "AND" GATES)
= = v
NOTE - SRS ST e
CE FUNCTIONS
For each of the 8 outputs, either the function Fp
{active-high) or Fp (active low) is available, but not
both. The required function polarity is programmed 1 A
via link (S) F; F Fo
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825200-1,N ® 825201-I,N
ABSOLUTE MAXIMUM RATINGS'

RATING
PARAMETER UNIT
Vce Supply voltage +T Vdc
VIN Input voltage +5.5 Vdc
Vourt Output voltage %55 Vdc
1N Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range °C
TA Operating
N82S5200/201 0 +75
S$825200/201 -55 +125
TsTG Storage -65 +150

DC ELECTRICAL CHARACTERISTICS N82S200/201: 0° < Ta < +75°C, 4.75V < Vce < 5.25V
5828200/201: -55°C < Ta <+125°C, 4.5V < Vcc < 5.5V

N825200/201 $825200/201
PARAMETER TEST CONDITIONS - UNIT
Min | Typ 2| Max | Min | Typ 2| Max
Input voltage3 \Y
ViH High Vce = Max 2 2
ViL Low Vce = Min 0.85 0.8
Vic Clamp3.4 Vce = Min, IIN 7 -18mA -0.8 | -1.2 -0.8 | -1.2
Output voltage Vce = Min Vv
VoH High (825200)3.5 loH = -2mA 2.4 24
VoL Low3.6 loL = 9.6mA 0.35 | 0.45 0.35 | 0.50
Input current wA
liH High VIN = 5.5V <1 25 <1 50
e Low ViN = 0.45V -10 | -100 -10 | -150
Output current Vce = Max
loLk Leakage? Vout = 5.5V 1 40 1 60 | wA
lo(oFF) Hi-Z state (825200)7 Vout = 5.5V 1 40 1 60 | wA
Vour = 0.45V -1 -40 -1 | -60
los Short circuit (825200)4.8 Vour = 0V -20 -70 | -15 -85 | mA
lcc Vce supply current?® Vee Max 120 | 170 120 | 180 | mA
Capacitance’ Vcec = 5.0V pF
CiN Input VIN = 2.0V 8 8
Court Output Vourt = 2.0V 17 17
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AC ELECTRICAL CHARACTERISTICS R: = 4700, Rz = 1kQ, CL = 30pF
N82S200/201: 0°C < Ta < +75°C, 4.75V < Vcc < 5.25V
$825200/201: -55°C < Ta < +125°C, 4.5V < V¢ < 5.5V

N825200/201 $825200/201
PARAMETER Ti
o RO Min | Typ2 | Max Min | Typ? | Max KN

Access time ns
Tia Input Output Input 35 50 35 80
Tce Chip enable Output Chip enable 15 30 15 50

Disable time ns
Tco Chip disable Output Chip enable 185 30 16 50

NOTES

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanentdamage to the
device. This is a stress rating only, and functional operation of the device of these or any other
condition above those indicated in the operation of the device specifications is not implied
All typical values are at Vcc = 5V, Ta = 25°C
All voltage values are with respect to network ground terminal

. Test one at the time
Measured with Vi_ applied to CE and a logic high stored
Measured with a programmed logic condition for which the output test is at a low logic level. Output
sink current is applied thru a resistor to Vcc
Measured with: Vi applied to CE

8. Duration of short circuit should not exceed 1 second

9. Icc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open

[ N I AR Y

<

TEST LOAD CIRCUIT VOLTAGE WAVEFORM
Vee INPUT PULSES
1o 0—p» 5V
|
| - Ry
| | ’
| DuT |
| I
| > F, R, L.
11s O—]
_ —— I (INCLUDES
CE O—p{ GND - = SCOPE AND JIG
—L CAPACITANCE)
Measurements: All circuit delays are measured at
the +1.5V level of inputs and outputs.
TIMING DIAGRAM
READ CYCLE
I e o TIMING DEFINITIONS
ov Tce Delay between beginning of Chip
Enable low (with Address valid)
=] 3.0V and when Data Output becomes
ce 1.5v 1.5V valid.
ov Tco Delay between when Chip Enable
I"TC°‘>| - becomes high and Data Output is
o o in off state (Hi-Z or high).
v TiAa Delay between beginning of valid
oo Input (with Chip Enable low) and
when Data Output becomes valid.
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825200-1,N e 82S201-I,N

16X48X8 PLA PROGRAM TABLE
PROGRAM TABLE ENTRIES
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL

Im im | Don't Care Frod. Tem Prod. Term Not Active Active
Present in Fp Present in Fp High Low
H L — (dash) A e (period) H L
NOTE NOTES NOTES

Enter (—) for unused inputs of used 1. Entries independent of output polarity 1. Polarity programmed once only
P-terms. 2. Enter (A) for unused outputs of used P-terms 2. Enter (H) for all unused outputs

PRODUCT TERM" ACTIVE LEVEL®

3 i i e Mt e S B
—_INPUT VARIABLE C T T
1] OUTPUT FUNCTION®
51432 1|ol9]8]7]6]

z
o

7|16[5[4])]3[2]1]0

9|
n
k|
n
—_
o

o~ s o

THIS PORTION TO BE COMPLETED BY SIGNETICS

CUSTOMER SYMBOLIZED PART # _

DATE RECEIVED .o

CF (XXXX)
COMMENTS
o

DATE
B
o

TOTAL NUMBER OF PARTS
PROGRAM TABLE #

. ¢

S

PURCHASE ORDER #
SIGNETICS DEVICE #
REV

S

>

CUSTOMER NAME

“Input and Output fields of unused P-terms can be left blank. Unused inputs and outputs are PLA terminals left floating.
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PUNCHED CARD CODING

FORMAT

The PLA Program Table can be supplied
directly to Signetics in punched card form,

CARD NO.1—Free format within designated fields.

using standard 80-column IBM cards. For
each PLA Program Table, the customer
should prepare an input card deck in ac-
cordance with the following format. Product
Term cards 3 through 50 can be in any

825200-1,N e 82S201-I,N

order. Not all 48 Product Terms need to be
present. Unused Product Terms require no
entry cards, and will be skipped during the
actual programming sequence:

Ty 1|2f2f2{2|2|2|2(2{2|2|3|3|3|3|3|3(3[3|3|3(4|4|4|4|4|a|4|a|4|4(5 5|5|5|5 5|5/5|6|6/6|6(6|6(/6(6|6(6|7|7(7|7|7(7|7|7|7|7|8
1 3|4|5|6|7(8(9|0[1|2|3|4|5|6|7/8/9|0|1|2|3|4|5|6|7|8|9(0|1(/2/3|4(5|6(7|8]|9|0|1|2|3|4|5(|6|7|8|9|0 2|3|4|5 7|8[9|0|1|/2|3[/4|5(6(7|8|9|0|1|2|3|4|5|6|7|8(9(0
C R[E [V
SIGNETICS CUSTOMER NAME PROGRAM TABLE NO REVISION DATE
DEVICE NO (1 ALPHA CHAR )
SYMBOLIZED PART NO

F, F,

OUTPUT ACTIVE LEVEL (8)

TOTAL PRODUCT ERMS USED (2 DECIMAL DIGITS)

COMMENTS (FREE FORMAT)

CARD NO. 3 through NO. 50

7/8(9|0|1|2|3|4|5|6|7|8(9|0|1|2|3|4|5|6(7(8[9|0[1|2|3]|4|5|6|7(8

111]2(2|2(2|2|2|2|2[2|2|3|3|3[33[|3|3(3[3|3

S
IS
IS
=
=
S
IS
=
=
IS
o

]

INPUT VARIABLE (16)

PRODUCT TERM NO (00 THROUGH 47)

OUTPUT FUNCTION (8}

COMMENTS (FREE FORMAT)

CARD NO. 51

COMMENTS (FREE FORMAT)

Output Active Level entries are determined
in accordance with the following table:

Input Variable entries are determined in
accordance with the following table:

Output Function entries are determined in

accordance with the following table:

OUTPUT ACTIVE LEVEL INPUT VARIABLE OUTPUT FUNCTION
: . : = , Product term Product term not
Actlv: high Ac“vf low II—T I[_n D_‘"z(;:;T present in Fp present in Fp
A « (period)
NOTES NOTE NOTES
1. Polarity programmed once only Enter (—) for unused inputs of used P-terms 1. Entries independent of output polarity

2. Enter (H) for all unused outputs

84
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TWX TAPE CODING FORMAT

The PLA Program Table can be sent to
Signetics in ASCII code format via airmail
using any type of 8-level tape (paper, mylar,
fanfold, etc.), or via TWX: just dial (910) 339-

9283, tell the operator to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

A number of Program Tables can be se-

82S200-I,N e 82S201-I,N

quentially assembled on a continuous tape
as follows, however limittape length toaroll
of 1.75 inch inside diameter, and 4.25 inch
outside diameter:

T T et I i == = —

24n | %11 p— T 25 | suB 25 : : 25 suB : 25 ﬁl : ';T 12"

| LeaDer | & |HEADIN“| (C/R) | HEADING | RuBoUTs | PROGRAMTABLE | (c/R) | HEADING | RuBOUTS | PROGRAM TABLE ! 2 'TRAILERI(
i cem 1B EIRRVIN 1) MmN DATA() | MIN o~ bomn b DATAN B TRy Iy
L= | | | 1 H Lot o e es ] BE K

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character,
whether used or not:

1. Customer Name 4. Purchase Order No.

2. Customer TWX No. 5. Number of Program Tables

3. Date ____ 6. Total Number of Parts

B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:

1. Signetics Device No. 4. Date
2. Program Table No. 5. Customer Symbolized Part No.
3. Revision - 6. Number of Parts

C.Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data
consists of Output Active Level, Product Term, and Output Function information separated by appropriate identifiers in
accordance with the following format:

START OF DATA TEXT
(CONTROL A or B)
START OF DATA

START OF DATA FIELD
PRODUCT TERM IDENTIFIER

1 SPACE (MANDATORY) END OF DATA TEXT

FIELD PRODUCT TERM NUMBER START OF DATA FIELD (CONTROL C)
ACTIVE LEVEL (2 DECIMAL DIGITS) -
IDENTIFIER START OF DATA FIELD OUTPUT FUNCTION IDENTIFIE
ACTIVE LEVEL DATA INPUT VARIABLE IDENTIFIER OUTPUT FUNCTION DATA INPUT AND OUTPUT DATA FOR
(8 DIGITS, H/L) INPUT VARIABLE DATA (8 DIGITS, A/e) ALL PRODUCT TERMS USED
(16 DIGITS, H/L/-) | L
d r JaaEedasibsshssss Sd s b
STX*A F7F6F5F4F3F2F1F0 P 00" I l,slmlwl,zl”I,OIQIBI7I5I5I4I312I,I0' F F,FgFsFsFsFoF,Fo* P 01.... F P pms” | IOR— Fo ETX
Entries for the 3 Data Fields are determined in accordance with the following Table:
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
i 5 Product term Product term not . " "
b & Demt Gete resent in F resent in F Active high Aetive low
H L — (dash) P P P 10 5P H L
A * (period)
NOTE NOTES NOTES
Enter (—) for unusedinputs of used P-terms 1. Entries independent of output polarity 1. Polarity programmed once only

2. Enter (A) for unused outputs of used P-terms 2. Enter (H) for all unused outputs
Although the Product Term data are shown entered in sequence, this is not necessary. Itis possible to input only one Product
Term, if desired. Unused Product Terms require no entry. ETX signalling end of Program Table may occur with less than the
maximum number of Product Terms entered.

NOTES

1. Corrections to any entry can be made by backspace and rubout. However, limit consecutive rubouts
to less than 25

2. P-Terms can be re-entered any number of times. The last entry for a particular P-Term will be
interpreted as valid data

3. Any P-Term can be deleted entirely by inserting the character (E) immediately following the P-Term
number to be deleted, i.e., *P 25E deletes P-Term 25

4. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be
interspersed between data groups, but only preceding an asterisk (")

5. Comments are allowed between data fields, provided thatan asterisk () is notused in any Heading or
Comment entry
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DESCRIPTION

The 825102 and 82S103 are Bipolar pro-
grammable AND/NAND gate arrays, con-
taining 9 gates sharing 16 common inputs.
On-chip input buffers enable the user to
individually program for each gate either
the True (Im), Complement (im), or Don’t
Care (X) logic state of each input. In addi-
tion, the polarity of each gate output is
individually programmable to implement
either AND or NAND logic functions.

Alternately, if desired, OR/NOR logic func-
tions can also be realized by programming
for each gate the complement of its input
variables, and output (DeMorgan theorem).

Both devices are field-programmable,
which means that custom patterns are
immediately available by following the fus-
ing procedure outlined in this data sheet.

The 82S102 and 82S103 include chip-
enable control for output strobing and in-
hibit. They feature either open collector or
tri-state outputs for ease of expansion of
input variables and application in bus-
organized systems.

Both devices are available in the commer-
cial and military temperature ranges. For
the commercial range (0° C to +75° C) speci-
fy N82S102/108, | or N, and for the military

range (-55°C to +125°C) specify
$82S5102/108, I.
86

82S5102-1,N e 82S103-I,N

FEATURES PIN CONFIGURATION
* Field programmable (Ni-Cr link) ILN PACKAGE*
® 16 input variables .
e 9 output functions M E 28] vee
e Chip enable input
e 1/0 propagation delay: v 2] 2
N825102/103: 30ns max E 2]
$82S102/103: 50ns max 1 [2] [75] 1o t1a)
® Power dissipation: 600mW typ . "
® Input loading: = E S
N82S102/103: -100A max w2 5] ta
$825102/103: -1504:A max w1 [22] 1 (10)
e OQutput options: 1 (2] 21] hetig)
825102: Open collector . 5] e “E'
825103: Tri-state : 5
e Output disable function: ¢, [ig] 19) GE
825102: Hi f, 7] Bk
825103: Hi-Z & T T
e Fully TTL compatible = =
£, [13] [16] F.
APPLICATIONS ano [14] 15] F,
* Random logic = CEraIG
e Address decoders N = Plastic
e Code detectors
e Peripheral selectors
e Fault monitors
e Machine state decoders
LOGIC DIAGRAM
o
I
i ’—'\-'—L
I ._._f\’&—'-
I : Fs
i ﬂ
e (s)
® iy H s,
Is
T (s) 1
— )

For each of the 9 outputs, either the function Fp (active high) or Fp (active low) is available, but not both.

= CE

The required function polarity is user programmable via fuse (S).
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ABSOLUTE MAXIMUM RATINGS

825102-1,N e 825103-I,N

PARAMETER RATING UNIT
Ve Supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Output voltage Vdc
VoH High (82S102) +5.5
Vo Off-state (82S103) +5.5
N Input current +30 mA
lout Output current +100 mA
Temperature range °C
TA Operating
N82S102/103 0to +75
S$82S102/103 -55 to +125
TsTG Storage -65 to +150

EQUIVALENT LOGIC PATH

(9)

J Fi—s2
v—.f\l,)—m
CE
S=SHORT =
Z=XeY OR Z=X-Y

x—d
y—oq ‘

The Field Programmable Gate Array con-
sists of 9 gates with individually program-
mable inputs and outputs.

The inputs to each gate can be programmed
either True (Im), Complement (Im), or Don't
Care via corresponding links (j) and (k). The
outputs of each gate can be programmed
active-high (Fp) or active-low (F}) via corre-
sponding links (S). Thus, each gate provides
either of 2 output logic functions in terms of
external input logic variables Xm as defined
below (positive logic):

At S = Open:
Fp=CE+(XoeXieX2e....Xm =Yp
At S = Closed:
Fp=CE+ Xo+X1+X2+....Xm) =yp
M =072 0004 15
. ]
|
| (Fn)—l’
| FIELD \
PROGRAMMABLE
Xy ! GATE ! Yp/yp
| ARRAY :
|
| (F-'—"
|
1 |

and where Xm = Im, Im, Don't Care, as as-
signed by programming polarity of inputs
lo- hs.

When CE = low, all gates are enabled, and
Fs = Fp giving yp = Yp.

PROGRAMMABLE LOGIC
FUNCTIONS

All internal links of virgin FPGAs are intact.
Therefore, as shown in the Equivalent Logic
Path, all symbolic switches are initially
closed. Selective programming (opening) of
links (J), (K), and (S) enables the user to
assign input and output polarities to each
gate for implementing NAND, NOR, AND,
OR logic functions without changing the
routing of input and output wires. This is
shown in the following diagrams for a typi-
cal gate in terms of 2 input variables, which
can be readily extended up to 16.

Sifnptics
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DC ELECTRICAL CHARACTERISTICS

N82S102/103: 0°C < Ta = +75°C, 4.75V < Vcc < 5.25V
S$82S5102/103: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V

825102-I,N  82S103-I,N

N825102/103 $825102/103
)
PARAMETER TEST CONDITIONS Min Typ2 | Max | Min Typ? | Max UNIT
Input voltage \"
ViL Low! Vce = Min 0.85 0.8
ViH High Vce = Max 2.0 2.0
Vic Clamp13 Vce = Min, IIn = -18mA -0.8 -1.2 -0.8 Nl
Output voltage Vce = Min \Y
VoL Low1.4 loL = 9.6mA 0.35 0.45 0.35 0.50
VoH High (82S103)1.5 loH = -2mA 2.4 2.4
Input current nA
e Low ViN = 0.45V -10 -100 =10 -150
liH High VIN = 5.5V <1 25 <1 50
Output current Vce = Max
loLk Leakage (825102)6 Vourt = 5.5V 1 40 1 60 uA
lo(OFF) Hi-Z state (8251036 Vourt = 5.5V 1 40 1 60 uA
Vour = 0.45V -1 -40 ~1 -60
los Short circuit (825103)37 Vout = 0V -20 -70 | -15 -85 | mA
lee Vce supply currents Vce = Max 120 170 120 180 mA
Capacitance Vce = 5.0V pF
CiN Input VIN = 2.0V 8 8
Cout Qutputé Vout = 2.0V 15 15
AC ELECTRICAL CHARACTERISTICS Ri=4700, Rz = 1k}, CL = 30pF
N82S102/103: 0°C < Ta < +75°C, 4.75V < Vcc < 5.25V
S$8285102/103: -55°C < Ta < +125°C, 4.5V < Vce < 5.5V
- TER 10 EROM N82S102/103 $825103/103 UNIT
AN Min | Typ2 | Max | Min | Typ2 | Max
Access time ns
Tia Input Output Input 20 30 20 50
Tce Chip enable Output Chip enable 15 30 15 40
Disable time ns
Tco Chip disable Output Chip enable 15 30 15 40
NOTES
1. All voitage values are with respect to network ground terminal
2. All typical values are at Vcc = 5V, Ta = 25°C.
3. Test each output one at a time.
4. Measured with a programmed logic condition for which the output under test is at a low logic level.
Output sink current is supplied through a resistor to Vcc.
5. Measured with Vi_ applied to CE and a logic high at the output.
6. Measured with Vi1 applied to CE.
7. Duration of short circuit should not exceed 1 second.
8. Icc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.
TEST LOAD CIRCUIT VOLTAGE WAVEFORM
3.0v
?VCC INPUT 1.5V
1 ov
! |
| — 3.0v
: [F CE 15V 15V
} puT H | ov
| —LF. c =T CE ~—Tco—=]
11O lIItCLUDES VioR
SCOPE AND JIG Fo~Fy 1.5V 1.5V
CEO— e = = CAPACITANCE) VAL
1 f——Tp—
All inputs: tr = t{ = 5ns (10% to 90%)
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OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (TYPICAL)

Veep— ———
v
cc F
(Fp) (Fp+1) (Fp+2)
Veev
TPR (PROGRAM)
VoPF—o=-— e (VERIFY) —_—-
tp 2 —1 D
ouTpPuT
VOLTAGE “+—Tr
Vou T0%) fe
1 .
] RN [ (1 (R
3 Vix — o e | m J.._-.L
Vi
LT

INPUT MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

TPS
, |«—— TPR (PROGRAM) | pause) i‘_
1X o
fon Im=H : | l
VY o= e o= . l 7
» —_———————— Im=L =

e e e e s s s s e

I(VERIFY))

Veep——
Vece
Veev 1
Vo] == =
ouTPUT i 80%
VOLTAGE Tr
10%
Vou =
ot
—| 'Dl“P’hD |(VERIFY)|
EEVIH
Vi——

—_] N—

VIRGIN DEVICE

The 825102/103 are shipped in an unpro-
grammed state, characterized by:

1. All internal Ni-Cr links are intact.

2. Each gate contains both true and com-
plement values of every input variable Im
(logic Null state).

3. The polarity of each output is set to active
low (Fp function).

4. All outputs are at a high logic level.

RECOMMENDED
PROGRAMMING PROCEDURE

To program each of 9 Boolean logic func-
tions of 16 True, Complement, or Don't Care
input variables follow the program/verify
procedures for the Input Matrix and Output
Polarity outlined below. To maximize re-
covery from programming errors, leave all
links of unused gates intact.

SET-UP
Terminate all device outputs with a 10KQ
resistor to +5V.

Output Polarity

PROGRAM ACTIVE HIGH (Fp FUNCTION)
Program output polarity before program-
ming inputs (for convenience). Program one
output at a time. (S) links of unused outputs
are not required to be fused.

1.Set GND (pin 14)to 0V, and Vcc (pin 28) to
Vcev. o

2. Disable all device outputs by setting CE
(pin 19) to ViH.

3. Disable all input variables by applying Vix
to inputs lo through I15.

A .Raise Vcc (pin 28) from Vcev to Veep.

B After tp delay, force output to be pro-
grammed to Vopr. .

C .After tp delay, pulse the CE input from Vi4
to Vix for a period tp.

D .After tp delay, remove Vopfr voltage
source from output being programmed.

E . After tp delay, return Vcc (pin 28) to Veev,
and verify.

F.Repeat steps A through E for any other
output.

VERIFY OUTPUT POLARITY

1.Set GND (pin 14)to 0V, and Vcc (pin 28) to
Vcev.

2. Disable all input variables by applying Vix
to inputs lp through l1s.

A After tp delay, set the CE input to ViL.

B.Verify output polarity by sensing the
logic state of outputs Fg through Fs. All
outputs at a low logic level are pro-
grammed active low (Fp function), while
all outputs at a high logic level are pro-
grammed active high (Fp function).

Siljnetics

82S102-1,N ¢ 82S103-I,N

Input Matrix
PROGRAM INPUT VARIABLE

Program one input at atime forone gateata
time. Input variable links of unused gates
are not required to be fused. However, un-
used input variables must be programmed at
Don’t Care for all used gates.

1. Set GND (pin14)to0V, and Vcc (pin 28)
to Vcev.

2. Disable all device outputs by setting
CE (pin 19) to ViH.

3. Disable all input variables by applying

Vix to inputs lg through l1s.

If a gate contains nether lg nor Ig (input

is a Don’t Care), fuse both jand k links

by executing both steps A-2 and A-3,

before continuing with step C.

A-2.If a gate contains lo, set to fuse the k
link by lowering the input voltage at lp
from Vix to ViH. Execute step B.

A-3.If a gate contains Io, set to fuse the j link
by lowering the input voltage at Io from
Vix to VL. Execute step B.

B-1.After tp delay, raise Vcc from Vcecv to
Vcer.

B-2.After tp delay, force output of gate to
be programmed to Vopp_

B-3.After tp delay, pulse the CE input from
ViH to ViL for a period tp.

B-4 After tp delay, remove Vopfr voltage
source from output of gate being pro-
grammed.

B-5 After tp delay, return Vcc (pin 28) to
Vcev, and verify.

C. Disable programmed input by return-
ing lo to Vix.

D. Repeat steps A through C for all other
input variables.

E. Repeat steps A through D for all other
gates to be programmed.

F. Remove V|x from all input variables.

VERIFY INPUT VARIABLE

Unambiguous verification of the logic state
programmed for the inputs of each gate
requires prior knowledge of its programmed
output polarity. Therefore, the output po-
larity verify procedure must precede input
variable verify.

1. Set GND (pin 14)to 0V, and Vcc (pin 28) to
Vcev. L3

2. Enable all outputs by setting CE (pin 19)
to ViL.

3. Disable all input variables by applying Vix
to inputs lg through I1s.

A .Interrogate input variable lg as follows:
Lower the input voltage to lp from V|x to
ViL, and sense the logic state of outputs
Fo-s.

Raise the input voltage to lo from VL to
Vi and sense the logic state of outputs
Fo-s.
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The state of Ig contained in each gate is

TRUTH TABLE FOR INPUT VERIFICATION

825102-I,N  82S103-I,N

determined in accordance with the given Ig Fp Fp INPUT VARIABLE STATE LINK FUSED
truth table. Note that 2 tests are required 0 p 0 =
to uniquely determine the state of the 1 0 1 g j
input variable contained in each gate.
B .Disable verified input by returning lo to 0 0 1 lo
k
Vix. i) 1 0
(o} .Repeat steps A and B for all other input 0 1 0 Dori't care
variables. 1 1 0 Both
D .Remove V|x from all input variables.
0 0 (o), (o) .
1 0 Neither
PROGRAMMING SYSTEMS SPECIFICATIONS! Ta=25°C
LIMITS
PARAMETER TEST CONDITIONS n UNIT
Min Typ Max
Vce supply Vv
Vcerp Program2 lccp = 350 £ 50mA, 8.5 8.75 9.0
Transient or steady state
Vcev Verify 4.75 5.0 5:25
lccp Icc limit (program) Vcep = +8.75 = .25V, 400 450 500 mA
Transient or steady state
VorF Forced output voltage3 (program) lop = 150 = 25mA, 16.0 17.0 18.0 \%
Transient or steady state
lopF Output current limit (program) Vop =+17 £ 1V, 125 150 175 mA
Transient or steady state
Input voltage Vv
ViH High 2.4 5.5
ViL Low 0 0.4 0.8
Input current A
IH High ViH = +5.5V 50
e Low ViL=0Vv -500
Vix CE program enable level 9.5 10 10.5 v
lix1 Input variables current Vix = +10V 5.0 mA
lix2 CE input current Vix = +10V 10.0 mA
TR Output pulse rise time 10 50 us
tp CE programming pulse width 0.3 0.4 0.5 ms
to Pulse sequence delay 10 us
TPR Programming time 0.6 ms
TePR
—— Programming duty cycle 100 %
S g g y Cy o
FL Fusing attempts per link 2 cycle
Vs Verify threshold4 1.4 1:5 1.6 \Y
NOTES

b 2

n

These are specifications which a Programming System must satisfy in order to be qualified by

Signetics.

. Bypass Vcc to GND with a 0.01uF capacitor to reduce voltage spikes.
. Care should be taken to ensure that the voltage is maintained during the entire fusing cycle. The

recommended supply is a constant current source clamped at the specified voltage limit.

. Vsis the sensing threshold of a gate output voltage for a programmed link. It normally constitutes the

reference voltage applied to a comparator circuit to verify a successful fusing attempt.
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PROGRAMMING

In a virgin device all Ni-Cr links are intact.
The initial programmed state of each gate is
shown in the Typical Gate illustration.

To program inputs and outputs of each gate
for implementing the desired logic function,
fuse Ni-Cr links as indicated in the fuse link
diagrams.

TYPICAL GATE

------ nl
r \
| ) !
TYPICAL ] |
INPUT | I'
L (A k5
R i
NULL = "0 .
! ACTIVE LOW = "L"

OUTPUT ACTIVE HIGH = FUSE LINK S

gy BOE

INPUT Im = FUSE LINK J

(1 OF 16) 3

INPUT DON'T CARE = FUSE BOTH LINKS J, K

===y

i 1
DON'T 1=
CARE ! f
L o

*—+—
|

(1 OF 186)
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FPGA MANUAL

FUSER

825102-I,N e 82S103-I,N

FIL-XFMR

~ 150mA
240 (1LIMIT)

Diodes = 1N457
Resistors = 2N697
LEDs = 521-9165

@ I VY
2—1 Fl e S
875v’f7805c 1000F SIX $s10  _[5uF
=2 3 >“ == 047 ? =
il
Y -
>
2300
>
180 (TYPICAL OF 9) Vee
(+8.75v){ OEDO
Y
LED e &ch | 7211
(Gnolééo
VER. =
/  PROG. 100
1uf < 10K v
TYPICAL
OF 9
- re) PROGR
o VERIFY
O 9O CE GRD
(DPDT)
= 9 (28) (19) (14)
OUTPUTS
FPGA

INPUTS (16)
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16X9 FPGA PROGRAM TABLE

CUSTOMER NAME THIS PORTION TO BE COMPLETED BY SIGNETICS
PURCHASE ORDER # CF (XXXX)

SIGNETICS DEVICE # CUSTOMER SYMBOLIZED PART #
TOTAL NUMBER OF PARTS DATE RECEIVED
PROGRAM TABLE # COMMENTS

OUTPUT INPUT VARIABLE
POLARITY

b |1 5|0 [ & Y [ [ | 1 Wl | 1] ]| Ik I

Fo

Fy

F, a; ) 33 34 35 36 37 38 a0 41 42

Fs g 49 : - 54 57

Fs 8 80 a1 43 a4 g 5

Fe

F; . ; 13 4 3 i —

Fs o el 13 ad el | el oesl aml ser] see]  wse] e vme] e

Active-high = H Im=H
Active-low = L Im =L
Don't Care = —

The number in each cell in the table denotes its address for programmers with a decimal
address display
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DESCRIPTION

The 1/0 Port is an 8-bit bidirectional data
register designed to function as an 1/0
interface element in microprocessor sys-
tems. It contains 8 clocked data latches
accessible from either a microprocessor
port or a user port. Separate 1/0 control is
provided for each port. The 2 ports operate
independently, except when both are at-
tempting to input data into the 1/0 Port. In
this case, the user port has priority.

A master enable (ME) is provided that en-
ables or disables the uP bus regardless of
the state of the other inputs, but has no
effect on the user bus.

A unique feature of this family is its ability to
startup in a predetermined state. If the clock
is maintained at a voltage less than .8V until
the power supply reaches 3.5V, the user port
will always be all logic 1 levels, while the
microprocessor port will be all logic 0 levels.
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FEATURES

Each device has 2 ports, one to the user,
the other to a microprocessor. I/0 Ports
are completely bidirectional

Ports are independent, with the user port
having priority for data entry

User data input synchronous

The user data bus is available with tri-
state (8T32, 8T36) or open collector
(8T33, 8T35) outputs

At power up, the user port outputs are
high

Tri-state TTL outputs for high drive capa-
bility

Directly compatible with the 8X300 Mi-
crocontroller

Operates from a single 5V power supply
over a temperature range of 0°C to +70°C

BLOCK DIAGRAM

PIN CONFIGURATION

8T31-N,F

F.NA PACKAGE

uD4 | 4

@
(e}
o

@
o

A

vorsmrsuces |~ T T T T~ 7 T
| |
! I I
| r; |
| [
upo ———4 o
R
| |
| |
|
|
|
| |
| |
| |
| |
| |
| |
| |
| |
|| | RS | S —
AC
wc
MeLK
8oc
e <}V e
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PIN DESIGNATION

PIN SYMBOL | NAME AND FUNCTION TYPE
1-8 UDO0-UD7: | User Data I/0 Lines. Bidirectional data lines to Acitve high
communicate with user’'s equipment three-state
16-23 | IVO-IVT7: Microprocessor Bus. Bidirectional data lines to | Active low
communicate with controlling digital system. three-state
10 BIC Input Control. User input to control writing into | Active low
the I/0O Port from the user data lines.
9 BOC: Output Control. User input to control reading | Active low
from the 1/O Port onto the user data lines.
11 ME: Master Enable. System input to enable or dis- | Active low
able all other system inputs and outputs. It has no
effect on user inputs and outputs.
15 WC: Write Command. When WC is high, stores con-| Active high
tents of IV0O-IV7 as data.
14 RC Read Command. When RC is low, data is| Active low
presented on IVO-IV7.
13 MCLK: Master Clock. Input to strobe data into the | Active high
latches. See function tables for details
24 Vee: 5V power connection
12 GND: Ground
BIC BOC MCLK USER DATA BUS FUNCTION
H L X Output Data
L X H Input Data
H H X Inactive
H = High Level L = Low Level X = Don't care
Table 1 USER PORT CONTROL FUNCTION
== s — MICROPROCESSOR BUS
w L
ME RC C MCLK BIC FUNCTION
L L L X X Output Data
L X H H H Input Data
X H L X X Inactive
X X H X L Inactive
H X X X X Inactive

Table 2 MICROPROCESSOR PORT CONTROL FUNCTION

Sifnotics

USER DATA BUS CONTROL

The activity of the user data bus is con-
trolled by the BIC and BOC inputs as shown
in Table 1.

The user data input is a synchronous func-
tion with MCLK. Alow level on the BIC input
allows data on the user data bus to be
written into the data latches only if MCLK is
at a high level. A low level on the BIC input
allows data on the user data bus to be
latched regardless of the level of the MCLK
input.

To avoid conflicts at the data latches, input
from the microprocessor port is inhibited
when BIC is at a low level. Under all other
conditions the 2 ports operate independ-
ently.

MICROPROCESSOR

BUS CONTROL

As is shown in Table 2, the activity of the mi-
croprocessor port is controlled by the ME,
RC, WC and BIC inputs, as well as the state
of an internal status latch. BIC isincluded to
show user port priority over the microproc-
essor port for data input.

BUS OPERATION

Data written into the I/O Port from one port
will appear inverted when read from the
other port. Data written into the I/O Port
from one port will not be inverted when read
from the same port.
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8T31-N,F
DC ELECTRICAL CHARACTERISTICS V(g =5V 5% 0°C = TA < 70°C unless otherwise specified.
LIMITS
PARAMETER TEST CONDITIONS E UNIT
Min Typ Min
Input voltage \Y
Vi  High 2.0
\ IL Low |
Vic Clamp I} =-5mA =1
Output voltage Voo = 475V Y
Von  High 24
VoL Low .55
Input current? Vcg = 5.25Vv HA
K High V|H = 5.25V <10 100
I Low Vi = .5V -350 -550
Output current? mA
los Short circuit Vgog =475V
UD bus 10
IV bus 20
lcc VCC supply current Voo = 5258V 100 150 mA
NOTES
1. Theinput current includes the tri-state/open collector leakage current of the output driver on the data
lines.
2. Only one output may be shorted at a time.
PARAMETER MEASUREMENT INFORMATION
LOAD CIRCUIT FOR TRI-STATE OUTPUTS INPUT WAVEFORM
ALL DIODES
ARE 1N914
3900 s1 OR EQUIVALENT s2
Vee O—AAMA—0 —0 ~o—
TEST 1KQ
POINT AAA- ok
FROM
QuUTPUT L -H | S1OPEN
UNDER Z -H | S2 CLOSED
TEST L H -L | S1 CLOSED
—=C Z -L | S2 OPEN
I L -Z | S1 CLOSED
L H -Z | S2 CLOSED
NOTE: CL includes fixture capacitance
CLOCK PULSE WIDTH DATA DELAY TIMES
Clock Referenced
MCLK
15V 15V
| INPUT
S . DATA
ouTPUT
DATA
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AC ELECTRICAL CHARACTERISTICS 0°C=Ta<70°C. Vgg = 5V = 5%

TEST LIMITS
PARAMETER INPUT CONDITION Min Typ Max UNIT
uDX 25 38 ‘ ns
tpp User data delay’ MCLK C = 50pF 45 61 ns
toe User output enable BOC C_ = 50pF 18 26 47 ns
BIC 18 28 35 ns
| -
top User output disable BOC CL 50pF 16 23 33 s
IVBX 38 53 ns
1 2
tep uP data delay MCLK C = 50pF 48 61 His
ME
tog MP output enable RC C = 50pF 14 19 25 ns
WC
ME
top WP output disable RC C_ = 50pF 13 17 32 ns
WC
tw Minimum pulse width MCLK 40 ns
ubx3 15
BIC 25
IVX 8
tgeTup Minimum setup time? ME ZO ns
RC 30
WC 30
uDx® 25
BIC 10
IVX 1
thoLp Minimum hold time? ME 2 ns
RC 5
wC 5
NOTES
1 Datadelays referenced to the clock are valid only if the input data is stable at the arrival 3. Times are referenced to MCLK
of the clock and the hold time requirement s met
2 Set up and hold times given are for “normal” operation. BIC setup and hold times are
for a user write operation. RC setup and hold times are for an /0 Port select operation
ME and WC setup and hold times are for a microprocessor bus write operation
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
(Tri-State Outputs)
LOW LEVEL
ENABLING
N0 //
MCLK N |
T W enievel
\\_ ______ _//’ ENABLING
o> Ftop+
BIC / | |
DATA g 1.5V 1
oUTPUT 1 i F : 75}\/ l('_'- s
W i
DATA AND - ‘OE*A ‘ t "
CONTROL ' = T 7 T 5V ¢ “VOH
DATA / 3 ;Z j_“&._._
______ OUTPUT 2 v
; f*top*|
WAVEFORM =1 1S FOR AN OQUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE
OUTPUT IS LOW WHEN THE TRI-STATE DRIVER IS ENABLED. WAVEFORM =2 IS FOR
THE OPPOSITE CONDITION.
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RI32/ 8133/ 830/ 8136—

TYPES

8T32 Tri-State, Synchronous User Port

8T33 Open Collector, Synchronous User
Port

8T35 Open Collector, Asynchronous
User Port

8T36 Tri-State, Asynchronous User Port

DESCRIPTION

The Addressable I/0 Portis an 8-bit bidirec-
tional data register designed to function as
an 1/0 interface element in microprocessor
systems. It contains 8 data latches accessi-
ble from either a microprocessor port or a
user port. Separate I/0O control is provided
for each port. The 2 ports operate independ-
ently, except when both are attempting to
input data into the I/0 Port. In this case, the
user port has priority.

A unique feature of the I/O Portis the way in
which it is addressed. Each device has an 8-
bit, field programmable address, which is
used to enable the microprocessor port.
When the SC control signal is high, data at
the microprocessor port is treated as an ad-
dress. If the address matches the 1/0 Port’s
internally programmed address, the micro-
processor port is enabled, allowing data
transfer through it.

The port remains enabled until an address
which does not match is presented, at which
time the port is disabled (data transfer is
inhibited). A Master Enable input (ME) can
serve as aninth address bit, allowing 512 1/0
Ports to be individually selected on a bus,
without decoding. The user port is accessi-
ble at all times, independent of whether or
not the microprocessor port is selected.

A unique feature of this family is their ability
to start up in a predetermined state. If the
clock is maintained at a voltage less than .8V
until the power supply reaches 3.5V, the
user port will always be all logic 1 levels,
while the port will be all logic 0 levels.

ORDERING
The 8T32/33/35/36 may be ordered in
preaddressed form. To order a pread-
dressed device use the following part num-
ber format:
N8TYY-XXX P
-P=F Ceramic package
NA Plastic package
XXX= Any address from 000
through 255 (decimal) -
256 available addresses

YY=1/0O Port version (32, 33,
35, 36)
Astock of 8T32s and 8T36s with addresses 1
through 10 will be maintained. A small
quantity of addresses 11 through 50 will also
.be available with a longer lead time.
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FEATURES

e A field-programmable address allows 1
of 512 1/0 Ports on a bus to be selected,
without decoders.

e Each device has 2 ports, one to the user,
the other to a microprocessor.

e Completely bidirectional.

® Ports are independent, with the user port
having priority for data entry.

e Aselected I/O Port de-selects itself when
another 1/0 Port address is sensed.

e User data input available as synchronous
(8T32, 8T33) or as asynchronous (8T35,
8T36) function.

e The user data bus is available with tri-

8T32/8T33/8T35/8T36-F,NA

PIN CONFIGURATION

F,NA PACKAGE

E] Veo
E 7
[22] V6
E 5
E}] va
E] E]

state (8T32, 8T36) or open collector up2 | 6
(8T33, 8T35) outputs.
e At power up, the I/0 Port is not selected D1 E E] V2
and the user port outputs are high.
e Tri-state TTL outputs for high drive capa- o [% T_;l Vi
bility.
e Directly compatible with the 8X300 Mi- - _'—G;‘ 5
crocontroller. BOG |
e Operates from a single 5V power supply B
over a temperature range of 0°C to 70° C. BIC E _1_5_] e
ME |11 T_f] sc
GND |12 E MCLK
BLOCK DIAGRAM
1 OF 8 BIT SLICES r‘ _________________ —-‘
| |
I |
I e |
UDO—:—T & ' o
| % |
| N |
I B |
I E ; I
| I
I I
| I
‘ BIT [
| ADDRESS |
I % I
| |
I I
||| N TNSSOU, SR———— .
Tesices
TN

s )

a

a
[

(

-

80C T

HIGH
LEVEL

BIC —

<l
N

we

MCLK

ME

*Switch indicates synchronous/asynchronous user write option. Switch shown for synchronous version.
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PIN DESCRIPTION

PIN SYMBOL | NAME AND FUNCTION TYPE
1-8 UDO0-UD?7: | User Data I/0 Lines. Bidirectional data lines to Active high
communicate with user's equipment. Either tri-
state or open collector outputs are available.
16-23 | IVO-IVT: Microprocessor Bus. Bidirectional data lines to | Active low
communicate with controlling digital system | three-state
(microprocessor).
10 BIC: Input Control. User input to control writing into | Active low
the I/O Port from the user data lines.
9 BOC: Output Control. User input to control reading | Active low
from the 1/0 Port onto the user data lines.
k. ME: Master Enable. System input to enable or dis- Active low
able all other system inputs and outputs.
It has no effect on user inputs and outputs.
15 WC: Write Command. When WC is high and SC is Active high
low, 1/0 Port, if selected, stores contents of
IVO-IV7 as data.
14 SC: Select Command. When SC is high and WC is Active high
low, data on IVO-IV7 is interpreted as an address.
1/0 Port selects itself if its address is identical
to uP bus data; it de-selects itself otherwise.
13 MCLK: Master Clock. Input to strobe data into the Active high
latches. See function tables for details.
24 VCC: 5V power connection.
12 GND: Ground.
o o USER DATA BUS FUNCTION
BIC BOC MCLK
8T32,8T33 8T35, 8T36
H L X Output Data Qutput Data
L X H Input Data Input Data
I X L Inactive Input Data
H H X Inactive Inactive
H = High Level L = Low Level X = Don'’t care
Table 1 USER PORT CONTROL FUNCTION
o o STATUS 1/0 PORT
ME SC wC MCLK BIC LATCH FUNCTION
k L L X X SET Output Data
L L H H H SET Input Data
5 H L. H X X Input Address
L H H H L X Input Address
L H H H H X Input Dataand Address
|4 X H L X X Inactive
E H X L X X Inactive
[ L H H L X Inactive
L L. X X X Not Set Inactive
H X X X X X Inactive

Table 2 MICROPROCESSOR PORT CONTROL FUNCTION

sinotics

8T32/8T33/8T35/8T36-F,NA

USER DATA BUS CONTROL

The activity of the user data bus is control-
led by the BIC and BOC inputs as shown in
Table 1.

For the 8T32 and 8T33, user data input is a
synchronous function with MCLK. A low
level on the BIC input allows data on the
user data bus to be written into the data
latches only if MCLK is at a high level. For
the 8T35 and 8T36, user data input is an
asynchronous function. A low level on the
BIC inputallows data on the user data bus to
be latched regardless of the level of the
MCLK input. Note that when 8T35 or 8T36
are used with the 8X300 Microcontroller
care must be taken to insure that the Micro-
processor bus is stable when itis being read
by the 8X300 Microcontroller.

To avoid conflicts at the Data Latches,
input from the Microprocessor Port is in-
hibited when BIC is at a low level. Under all
other conditions the 2 ports operate in-
dependently.

MICROPROCESSOR

BUS CONTROL

As is shown in Table 2, the activity of the
microprocessor port is controlled by the
ME, SC, WC and BIC inputs, as well as the

state of an internal status latch. BIC is

included to show user port priority over the
microprocessor port for data input.

Each I/0 Port’s status latch stores the result
of the most recent 1/0 Port select; it is set
when the /O Port's internal address
matches the Microprocessor Bus. It is
cleared when an address that differs from
the internal address is presented on the Mi-
croprocessor Bus.

In normal operation, the state of the status
latch acts like a master enable; the micro-
processor port can transfer data only when
the status latch is set.

When SC and WC are both high, dataon the
Microprocessor Bus is accepted as data,
whether or not the I/O Port was selected.
The data is also interpreted as an address.
The 1/0 Port sets its select status if its ad-
dress matches the data read when SC and
WC were both high; it resets its select status
otherwise.

BUS OPERATION

Data written into the 1/O Port from one port
will appear inverted when read from the
other port. Data written into the 1/0O Port
from one port will not be inverted when read
from the same port.
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8T32/8T33/8T35/8T36-F,NA

AC ELECTRICAL CHARACTERISTICS 0°C<Tp<70°C,Vcc =5V £ 5%

TEST LIMITS
PARAMETER INPUT CONDITION Min Typ Max UNIT
uUDX 25 38
tpp User data delay (Note 1) MCLK* C = 50pF 45 61 ns
BICt 40 55
tog User output enable BOC C = 50pF 18 26 47 ns
) BIC _ 18 28 35
top User output disable BOC C = 50pF 16 23 33 ns
IVBX ~ 38 53
tpp MP data delay (Note 1) MCLK C| = 50pF 48 61 ns
ME
tog MP output enable sC C_ = 50pF 14 19 25 ns
WC
ME
top MP output disable SC C = 50pF 13 17 32 ns
WC
- ) MCLK 40
tw Minimum pulse width BICt 35 ns
ubDXo 15
BIC* 25
- ; IVX 55
tgeTup  Minimum setup time ME (Note 2) 30 ns
SC 30
WC 30
UDXo 25
BIC* 10
" . IVX 10
thoLp Minimum hold time ME (Note 2) 5 ns
SC 5
wC 5

* Applies for 8732 and 8733 only

Applies for 8T35 and 8T36 only

Times are referenced to MCLK for 8T32 and 8733, and are referenced to BIC for 8735
and 8T36

—+

a

NOTES:

1. Datadelays referenced to the clock are valid only if the input datais stable at the arrival
of the clock and the hold time requirement is met.

2. Set up and hold times given are for “normal” operation. BIC setup and hold times are
for a user write operaton. SC setup and hold times are for an |/O Port select operation.
WC setup and hold times are for an Microprocessor Bus write operation. ME setup and
hold times are for both IV write and select operations
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DC ELECTRICAL CHARACTERISTICS

0°C=TA<70°C, Vg =5V £ 5%

8T32/8T33/8T35/8T36-F,NA

LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
ViH High-level input voltage 2.0
ViL Low-level input voltage .8
VoL Input clamp voltage l|=-5mA -1
IIH High-level input current! Vee = 5.25V <10 100 uA
ViH = 5.25V
IiL Low level input current? Vce = 5.25V -350 -550 wA
ViL= .5V
VoL Low-level output voltage Vce = 4.75V 55 Vv
loL = 16mA
VoH High-level output voltage Vcc = 4.75V Vv
loH = -3.2mA 2.4
los Short-circuit output current?
UD bus Vce = 4.75V 10 mA
IV bus Vce = 4.75V 20 mA
lee Supply current Vce = 5.25V 100 150 mA
NOTES . .
1. The input current includes the Tri-state/Open Collector leakage current of the output driver Absolute Maximum Ra"ngs'
on the data lines Supply voltage®  ............. 7V
2. Only one output may be shorted at a time lnput voltage3 ......... 55V
3. These limits do not apply during address programming
TEST LOAD CIRCUIT TEST LOAD CIRCUIT
(OPEN COLLECTOR OUTPUTS) (TRI-STATE OUTPUTS)
ALL DIODES
Vee ARE 1N914
39002 S1 OR EQUIVALENT S2
Voo O—AM—O —0 ~o—
390¢2
TEST 1KQ
POINT AAA- —
ouTPUT TEST -
¢ TSt ' fOU S Crosen
I - TEST -=c, Z - L | s2 OPEN
I L -Z | S1 CLOSED
L H -Z | S2 CLOSED
NOTE: C|_includes fixture capacitance. NOTE: C| includes fixture capacitance
VOLTAGE WAVEFORMS
INPUT WAVEFORM CLOCK PULSE WIDTH
|- 90% 3.0v
1.5V 15V
0% |
=6 ¥ Li(wg’i
(: 5ns
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VOLTAGE WAVEFORMS (Cont'd)

8T32/8T33/8T35/8T36-F NA

DATA DELAY TIMES
Input Data Reference

INPUT
DATA

OUTPUT
DATA

DATA DELAY TIMES
Clock Referenced

OUTPUT
DATA

SETUP AND HOLD TIMES

MCLK —— e ——————
BIC
—_————
/
DATA AND
CONTROL i\ 18V

OUTPUT ENABLE AND DISABLE TIMES
(Tri-State Outputs)

LOW LEVEL
ENABLING
CONTROL
OUTPUT HIGH LEVEL
ENABLING

DATA /
OUTPUT 1

pATA 7,
OUTPUT 2 "

Waveform #1 is for an output with internal conditions such that the
output is Low when the tri-state driver is enabled. Waveform #2 is for
the opposite condition.
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ADDRESS PROGRAMMING

The 1/0O Port is manufactured such that an
address of all high levels (>2V) on the Mi-
croprocessor Bus inputs matches the Port’s
internal address. To program a bit so a low-
level input (<0.8V) matches, the following
procedure should be used:

1. Set all control inputs to their inactive
state (BIC=BOC=ME=Vc, SC=WC=
MCLK = GND). Leave all Microproces-
sor Bus I/O pins open.

2. Raise Vg to 7.75V £ .25V.

3. After V¢ has stabilized, apply a single
programming pulse to the user data bus

8T32/8T33/8T35/8T36-NA,F

ADDRESS PROGRAMMING PULSE

Veer

[«——<1s5EC. —|

ADDRESS
PROGRAMMING
PULSE

100ns T < WS

Figure 1

7.75vV

g

1mS—»|

bit where a low-level match is desired.
The voltage should be limited to 18V, the
current should be limited to 75mA. Apply
the pulse as shown in Figure 1.

4. Return Vg to OV. (Note 1).

5. Repeat this procedure for each bit
where a low-level match is desired.

6. Verify that the proper address is pro-
grammed by setting the Port’s status
latch (IVO-IV7 = desired address, ME =
WC =L, SC=MCLK=H). Ifthe properad-

dress has been programmed, data pre-

PROTECT PROGRAMMING PULSE

PROTECT
PROGRAMMING
PULSE

Figure 2

14v

ov

sented at the uP bus will appear inverted
on the user bus outputs. (Use normal
Vcc and input voltage for verification.)

After the desired address has been pro-
grammed, a second procedure must be
followed to isolate the address circuitry.
The procedure is:

PROGRAMMING SPECIFICATIONS?

. Set Vg and all control inputs to OV.
(Vcc = BIC =BOC = ME = SC =WC =
MCLK = 0V). Leave all Microprocessor
Bus I/O pins open.

. Apply a protect programming pulse to
every user databus pin,oneatatime. The
voltage should be limited to 14V; the
current should be limited to 150mA. Ap-
ply the pulse as shown in Figure 2.

3. Verify that the address circuitry is isolat-
ed by applying 7V to each user data bus
pin and measuring less than 1mA of input
current. The conditions should be the
same as in step 1 above. The rise time on
the verification voltage must be slower
than 100us.

TEST LIMITS
RARAMETER CONDITIONS Min Typ Max UNITS
Vcep  Programming supply voltage
Address 7.5 8.0 \Y
Protect 0 \Y
lccp Programming supply current Vogop = 8.0V 250 mA
Max time Vggop > 5.25V 1.0 s
Programming voltage
Address 175 18.0 \Y
Protect 13.5 14.0 \
Programming current
Address 75 mA
Protect 150 mA
Programming pulse rise time
Address ) 1 us
Protect 100 uS
Programming pulse width B 1 ms
NOTE

1. If all programming can be done in less than 1 second, Vcc may remain at 7.75V for the entire programming cycle

Sifnetics
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8T32/8T33/8T35/8T36-F,NA

APPLICATIONS 8T32 APPLICATIONS
Figure 3 shows some of the various ways to
use the I/O Port in a system. By controlling
the BIC and BOC lines, the device may be
used for the mpgt and output of data, con- STENETIES
trol, and status signals. I/0 Port 1 functions 8T32

bidirectionally for data transferand I/O Port
2 provides a similar function for discrete __:> D 5
status and control lines. 1/0 Ports 3 and 4 1/0 PORT <:>
serve as dedicated output and input ports,
respectively. WE
L———O BIC
—O BOC
e
D =i
[ ————
il o]l - r————
B e g
IVBO-1VB7 ME — > £
SIGNETICS CZ L—-——O BIC %
8X300
MCLK =’ 'g
MICROCONTROLLER — Bi
scwe | [ ] T 2
w
w
s

RB UD0-UD7
1/0 PORT ——__‘——'>

—
- Vee
soc| | sic
‘ UD0-UD7
1/0 PORT <}_——_—_‘

ME Vee

|

Figure 3
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PRELIMINARY SPECIFICATION

DESCRIPTION

The Bus Expander is specifically designed
to increase the 1/0 capability of 8X300 sys-
tems previously limited by fanout consider-
ations. The bus expander serves as a buffer
between the 8X300 and blocks of I/O de-
vices. Each bus expander can bufferablock
of 16 1/0 ports while only adding a single
load to the 8X300.

FEATURES

¢ 15ns max propagation delay

¢ Bidirectional

e Three-state outputs on both ports
* Pre-programmed address range

APPLICATIONS

The 8T39 Bus Expander is designed to be
used with the 8X300 microprocessor to
allow increased |/O capability in those sys-
tems previously limited by fanout consider-
ations. Figure 1-shows a typical arrange-
ment of the bus expander in an 8X300
system. Each expander services I/O ports
whose address is within the range of the
expander. Other |/O ports or working stor-
age may be directly connected to the bus as
shown.

The bus expander is not limited to use with
the 8X300, but may be applied in any system
which uses a combined address/data bus.

8T39 ADDRESSING

During normal operation of the 8X300 when
an 1/0 port address is being sent on the IV
Bus (SC is high), the I/0O port will examine
all eight bits of the microprocessor bus for
an address compare. Since the 8T39 is used
to buffer blocks of 1/0 ports, only the four
most significant bits are examined by the
8T39 for an address compare.

Note that redundant addresses are not pro-
grammed into separate devices. Rather, a
discrete device (such as the 8T39-03) may
be wired forany address requiring two 1 bits
and two 0 bits in the address. The various
address ranges for this same device are
obtained by permuting the high order (DIO
and DOO are MSB) data lines accordingly.
Both input and output lines must be rede-
fined in order to maintain data and address
integrity on the extended bus. Table 1 sum-
marizes the 8T39 addressing.

Address functions are specified with the

convention that bit 0 is the MSB and bit 7 is
the LSB. The DI microprocessor bus ad-
dress decoding is active low.

FUNCTIONAL DESCRIPTION

The Bus Expander contains eight sets of
non-inverting bidirectional tri-state drivers
for the bus data bits, four non-inverting

unidirectional drivers for 1/0O port control,
and necessary control logic. The control
logic is required to maintain the proper
directional transfer of bus data as dictated
by the states of the I/O port control signals
and the currently enabled I/O port. Each
bus expander is programmed during manu-
facturing to respond to a specific block of
1/0 port addresses. Only /O ports with
addresses in the range of a given bus ex-
pander may be connected to that expander.
A bus expander may be used on either left
bank or right bank. Multiple expanders on
the same bank must have different address
ranges; however, expanders with the same
address range can be connected if they are
on different banks. Systems may be config-
ured with I/0 ports connected directly to the
8X300, as well as 1/O ports connected
through a bus expander; however, no un-
buffered 1/O port may have an address
within the span of a bus expander on the
same bank.

Addition of bus expanders may impact sys-
tem cycle time due to the added delay inthe
data path. For the purposes of calculating
allowable cycle time as described in the
8X300 data sheet, the bus expander delays

PIN DESIGNATION

8T39-1,.XL
PIN CONFIGURATION
I,XL PACKAGE
onD [1] 28] Vee
DO7 E Z] DI7
006 [3 ] 26] oi6
os [4 | 25] pis
poa 5] [22] D14
003 6| [23] 013
002 [7] [22] D12
o [8] [21] GND
001 3] 20] o1t
000 [10] [79] 010
wC (ouT) |11 E WC (IN)
sc (ouT) [i2 [77] sc an)
mcLk (ouT) [13] [76] MLk (N)
e (ouT) [14 [75] ™E (N)
1/0 Port Side WP Side

may be considered additive to the |/O port
delays so that a buffered I/O port simply
appears as a slower |/O port.

PIN NO. SYMBOL NAME AND FUNCTION TYPE
2-7.9,10 DO0-DO7 1/O port data bus Active low,
three-state
14 WC(OUT) Write command output Active high
12 SC(OUT) Select command output Active high
13 MCLK(OUT) Master clock output Acitve high
14 ME(OUT) Master enable output Active low
15 ME(IN) Master enable input Active low
16 MCLK(IN) Master clock input Active high
17 SC(IN) Select command output Active high
18 WC(IN) Write command output Active high
19,20,22-27 DI0-DI7 Microprocessor data bus Active low,
three-state
1,8,21 GND Ground
28 Vee +5 volt supply
ADDRESS PATTERN ADDRESS BLOCKS
PART TYPE | MSB(0) LSB(7) Octal
8T39-00 0000XXXX 0-17
8T39-01 0001XXXX 20-37, 40-57, 100-117, 200-217
8T39-03 0011XXXX 60-77, 120-137, 220-237, 140-157, 240-257, 300-317
8T39-07 0111XXXX 160-177, 260-277, 320-337, 340-357
8T39-17 1111XXXX 360-377
Table 1 8T39 ADDRESSING SUMMARY

Sifnotics
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SEELE

PRELIMINARY SPECIFICATION

TRUTH TABLE

SELECT DATA TRANSFER ADDRESS*
ME | SC | WC |MCLK| LATCH DIRECTION COMPARISON
L L L X Set DI Bus ~ DO Bus No
L L L. X Not set DI Bus = DO Bus No
L L H X X DI Bus = DO Bus No
L H X L X DI Bus = DO Bus No
L H X H X DI Bus = DO Bus Yes
H X X X X DI Bus -~ DO Bus No
NOTES

*When an address comparison is made, the select latch is set if the data on the DI Bus is within the

manufactured address range of the |V Bus Expander. Otherwise, the select latch is cleared

FUNCTIONAL BLOCK DIAGRAM

DOX

TO OTHER
DATA PATHES

O

Y

L O R

10F8
DATA PATHES

wc (ouT)
sC (ouT)
ME (ouT)

MCLK (OUT)

NOTES

ENABLE
0-BUS

ADDRESS
MATCH

£

999!

ENABLE
1-BUS
QO wcn)
QO scin
QO MEMN)
—Q MCLK (IN)

Selection made during manufacture
X = Don't care
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LEELE

PRELIMINARY SPECIFICATION

ABSOLUTE MAXIMUM RATINGS!

8T39-1,XL

ORDERING INFORMATION

PARAMETER

Vieo
VIN
Vo
TA
Tsta

Power supply voltage

Input voltage

Off-state output voltage
Operating temperature range
Storage temperature range

RATING UNIT The Bus Expander is ordered by specifying
the following part number:
I 4 Vde N8T39-xXx P
A Vde N { | - Ceramic Package
+55 Vde P =1 XL - Epoxy Package
0 to +70 G Address Range As Determined
65 to +150 °c From Table 1

DC ELECTRICAL CHARACTERISTICS

Voo =5V £ 5% 0°C < Tp <70°C

LIMITS
PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Input voltage Y
ViL Low 8
ViH High -5mA at V g min 2.0
Vic Clamp -1
Output voltage VCce =4.75V Y%
VoL Low oL = 16mA 55
VoH High IOH = -3.2mA 2.4
Input current Vce =5.25v uA
o Low* ViL = 5V -250
lH High* VIH = 5.25V <10 100
los Short circuit output current Vce = 4.75v -40 mA
lcc Supply current Vce =5.25v 200 mA
AC ELECTRICAL CHARACTERISTICS Vg =5V 5% 0°C < Ta < 70°C, CL = 300pF2
PARAMETER TO FROM TEST CONDITIONS - LINIES UNIT
Min Typ Max
tpd Propagation Delay DOX DIX
Data DIX DOX 15 ns
ME (out) ME (in)
tpd Control MCLK (out) MCLK (in)
Propagation Delay SC (out) SC (in) 15
WC (out) WC (in)
ME (in)
Data
toe DIX SC (in) 28 56 ns
tput Enabl
Quigut Enaple DOX WC (in)
Data ME (in)
tod T DIX SC (in) 15 ns
P Seale DOX WC (in)
_DIX
Adverse DIX ME (in)
tSetup  gSetyp Time? DOX MCLK (in) 54 ns
SC (in)
WC (in)
DX
Address Dix ME (i)
thold  Hold Time3 DOX MCLK (in) 3 ns
SC (in)
WC (in)
NOTES

1. Includes tri-state leakage.
2. Minimum clock width == 50ns.

3. All set up and hold times are referenced to the trailing edge of the clocking input

MCLK

Sifnetics
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PRELIMINARY SPECIFICATION

TYPICAL APPLICATIONS

8T39-1, XL

TEST LOAD CIRCUIT

USING 2 BUS EXPANDERS
TO GIVE 33 1/0 PORTS PLUS WORKING STORAGE

x
2l

3 S

RB

Q
7]

8X300

@
=]

Nivp
v

—9

ok

I

J

TEST

POINT Vice
3901}
s1
FROM OUTPUT
SEE NOT!
UNDER TEST ( OTE)
CL

(SEE NOTE 1)

WORKING
STORAGE

BUS EXPANDER
Address 20, - 37,

BUS EXPANDER
Address 40, - 57,

1/0 PORT
Address 6

Ie

1

1m0

All resistors values are typical and in ohms.

NOTES
16 1/0 PORTS 16 1/0 PORTS BIC BOC  USER i
idroeas i e 1. CL includes probe and jig capacitance
20, - 37, 40, - 57, 2. All diodes are 1N916 or 1N3064
VOLTAGE WAVEFORMS
PROPAGATION DELAY TO PROPAGATION DELAY TIMES
THREE-STATE OUTPUTS
OuTPUT 3v
CONTROL Xav ¥1.3v INPUT
[*— toe <tod
_ﬁ: 4.5V S1 AND S2 CLOSED
S1 CLOSED 1.3V 1.5V
WAVEFORM 1
S2 OPE
N _— --r——VoL
0.5V 0.5V
[ VoH OUTPUT
S1 OPEN. -
WAVEFORM 2 Ml i 1.3v

———-ov

PRELIMINARY SPECIFICATION

1.5V
S1 AND S2 CLOSED

Manufacturer reserves the right to make design changes and improvements
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PRELIMINARY SPECIFICATION

DESCRIPTION

The Bus Expander is specifically designed
to increase the 1/0 capability of 8X300 sys-
tems previously limited by fanout consider-
ations. The bus expander serves as a buffer
between the 8X300 and blocks of I/O de-
vices. Each bus expander can buffera block
of 16 1/0 ports while only adding a single
load to the 8X300.

FEATURES

® 15ns max propagation delay
o Bidirectional
® Three-state outputs on both ports

FUNCTIONAL DESCRIPTION

The Bus Expander contains eight sets of
non-inverting bidirectional tri-state drivers
for the bus data bits, four non-inverting
undirectional drivers for I/0O port control,
and necessary control logic. The control
logic is required to maintain the proper
directional transfer of bus data as dictated
by the states of the I/0O port control signals.
A bus expander may be used on either left
bank or right bank. Systems may be config-
ured with I/O ports connected directly to the
8X300, as well as I/O ports connected
through a bus expander.

Addition of bus expanders may impact sys-
tem cycle time due to the added delay in the
data path. For the purposes of calculating
allowable cycle time as described in the
8X300 data sheet, the bus expander delays
may be considered additive to the I/0 port
delays so that a buffered I/O port simply
appears as a slower 1/0 port.

8T58-1,XL
APPLICATIONS PIN CONFIGURATION
The 8T39 Bus Expander is designed to be E
used with the 8X300 microprocessor to IXL PACKAG
allow increased |/O capability in those sys-
tems previously limited by fanout consider- ano [T 28] vee
ations. Figure 1 shows a typical arrange- vo7 [Z] [57] 017
ment of the bus expander in an 8X300 . 5] ot
system. Other I/O ports or working storage El °
may be directly connected to the bus as oos [4] 25] 015
shown. DO4 E Z] D14
The bus expander is not limited to use with 003 [6] 23] D13
the 8X300, but may be applied in any system ooz [7] [22] 012
which uses a combined address/data bus.
G 8] 21] aND
o1 [9] 20] o1t
poo [10 [19] pio
wc (ouT) [11 E] WC (IN)
sc(ouT) [12 17] sc (N)
MCLK (OUT) |13 E MCLK (IN)
wE (ouT) [12 [15] ME (N)
1/0 Port Side uP Side
TRUTH TABLE
— sc DATA TRANSFER ADDRESS
ME wc DIRECTION COMPARISON
L L L DI Bus ~— DO Bus No
L ks H DI Bus — DO Bus No
L H X DI Bus — DO Bus No
H X X DI Bus — DO Bus No
PIN DESIGNATION
PIN NO. SYMBOL NAME & FUNCTION TYPE
2-7,9,10 DO0-DO7 1/0 port data bus Active low,
three-state
11 WC(OUT) Write command output Active high
12 SC(OuUT Select command output Active high
13 MCLK(OUT) Master clock input Active high
14 ME(OUT) Master enable output Active low
15 ME(IN) Master enable input Active low
16 MCLKI(IN) Master clock input Active high
17 SCI(IN) Select command output Active high
18 WCI(IN) Write command output Active high
19,20,22-27 DI0O-DI7 Microprocessor data bus Active low,
three-state
1,8,21 GND Ground
28 Vece +5 volt supply

Sifnotics
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PRELIMINARY SPECIFICATION 8T58-1 XL
FUNCTIONAL BLOCK DIAGRAM
TO OTHER
DATA PATHS
IS
Box 0—4 »—O Bix
—<
10F8
DATA PATHS
ENABLE ADDRESS ENABLE
0-BUS MATCH I-BUS
wCe (OUT) O-—G = —O WC (IN)
sc (ouT) O—¢ —Qscmm
ME (OUT) 0—4 O ME (IN)
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Vce Power supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vo Off-state output voltage +5.5 Vdc
Ta Operating temperature range 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
NOTE Includes tri-state leakage.
AC ELECTRICAL CHARACTERISTICS Vcc =5V 5%, 0°C < Ta < 70°C, CL = 300pF
' LIMITS
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
Path delay DOX DIX
tpd Data DIX DOX 15 ns
ME(UT) ME(N)
tpd Control MCLK(OUT) MCLKI(IN)
SC(OUT) SCI(N) 15 ns
WC(OUT) WCI(N)
Data ME(IN)
Output DIX SCI(N)
toe Enable DOX WCI(IN) 28 56 ns
Data ME(IN)
Output DIX SC(N) 15
tod Disable DOX WCI(IN)

110
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PRELIMINARY SPECIFICATION 8T58-1. XL

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT

Input voltage Vv
ViL Low .8
ViH High 2.0
Vic Clamp -5mA at Vcc min -1

Output voltage Vce = 4.75V Vv
VoL Low loL = 50mA 55
VoH High loH = -3.2mA 2.4

Input current Vce = 5.25V uA
hiL Low! ViL= .5V -250
liH High1 Vin = 5.25V <10 100
los Short circuit output current Vce = 4.75V -40 mA
lcc Supply current Vce = 5.25V 200 mA

VOLTAGE WAVEFORMS
PROPAGATION DELAY TO PROPAGATION DELAY TIMES

THREE-STATE OUTPUTS

QUTPUT 3v

ONTROL -
(o] 1.3V 1.3v INPUT
te— toe l=tod /
—_— —— 45V S1 AND S2 CLOSED
S1 CLOSED, 1.3v 1.5v
WAVEFORM 1 S$2 OPEN

e

4 _q&g Von IN PHASE
— ——-ov
TEST LOAD CIRCUIT TYPICAL APPLICATION
USING 2 BUS EXPANDERS
TO CREATE 33 I/0 PORTS PLUS WORKING STORAGE
TEST
POINT Vee

8X300

MCLK

@

g

~
=
Y

N

FROM OUTPUT

UNDER TEST (SEENOTE 2}

CL
(SEE NOTE 1) .
s2

L s z J L J
BUS EXPANDER BUS EXPANDER 1/0 PORT
Address 6

WORKING

All resistors values are typical and in ohms STORAGE

1. Cv includes probe and jig capacitance.

2. All diodes are 1N916 or 1N3064. WO IPORTS 1/0 PORTS BICBOC  USER

DATA
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OBJECTIVE SPECIFICATION

DESCRIPTION

The CRC Generator/Checker circuit is used
to provide an error detection capability for
serial digital data handling system. The se-
rial data stream is divided by a selected
polynomial and the division remainder is
transmitted at the end of the data stream, as
a Cyclic Redundancy check character
(CRCC). When the data is received, the
same calculation is performed. If the re-
ceived message is error-free, the calculated
remainder should satisfy a predetermined
pattern. In most cases, the remainder is zero
except in the case where Synchronous Data
Link Control type protocols are used where-
by the correct remainder is checked for
1111000010111000 (x0 - x15).

8 polynomials are provided and can be se-
lected via a 3-bit control bus. Popular poly-
nomials such as CRC-16 and CCITT are
implemented. Polynomials can be pro-
grammed to start with either all zeros or all
ones.

Automatic right justification for polynomi-
als of degree less than 16 is provided.

FUNCTIONAL DESCRIPTION

The CRC Generator/Checker circuit pro-
vides a means of detecting errors in a serial
data communications environment. A bi-
nary message can be interpreted as a bi-
nary polynomial H(x). This polynomial can
be divided by a generator polynomial P(x)
such that H(x) = P(x) Q(x) + R(x) whereby
Q(x) is the quotient and P(x) is the remain-
der. During transmission, the remainder is
appended to the end of the message as
check bits. For a given message, a unique
remainder is generated. Hardware imple-
mentation of division is simply a feedback
shift register with Exclusive-OR gating.
Subtraction and addition in modulo 2 is
implemented by the Exclusive-OR func-
tion. The number of shift register stages
is equal to the degree of the divisor
polynomial.

Table 1 shows the polynomials implement-
ed in the CRC circuit. Each polynomial can
be selected via the 3-bit polynomial control
inputs Sy, S; and S,. To generate the
check bits, the data stream is entered via
the Data (D) input, using the high to low
transition of the Clock (CP) input. This data
is gated with the most significant output
(Q) of the register, and controls the exclu-
sive OR gates. The Check Word Enable
(CWE) must be held high while the data is
being entered. After the last data bit is
entered, the CWE is brought low and the
check bits are shifted out of the register
and appended to the data bits using exter-
nal gating.

112

FEATURES

I12L technology

TTL inputs/outputs

10MHz (max) data rate

Total power dissipation = 175mw (max)
Vce = 5.0v

Vyg = 1.0v

Separate preset and reset controls
SDLC specified pattern match
Automatic right justification

TYPICAL APPLICATIONS

* Floppy and other disc systems

- Digital cassette and cartridge systems
+ Data communication systems

To check an incoming message for errors,
both the data and check bits are entered
through the D input with the CWE input
held high. The 8X01 is not in the data path,
but only monitors the message. The Error
output becomes valid after the last check
bit has been entered into the 8X01 by a high
to low transition of CP. If no detectable
errors have occurred during the data trans-
mission, the resultant internal register bits
are all low and the Error output (ER) is low.
If a detectable error has occurred, ER is
high. ER remains valid until the next high to
low transition of CP or until the device has
been preset or reset. PME must be high if
ER output is used to reflect all zero result.

For data communications using the Syn-
chronous Data Link Control protocol
(SDLC), the 8X01 is first preset to all ones
before any accumulation is done. This
applies to both transmitter and receiver.

A special pattern of 1111000010111000 (x°
- x5) is used in place of all zeros during
receiving for valid message check. PME is
incorporated to select this option. If PME is
low during the last bit time of the message,
ER output is low if result matches this
special pattern. When ER is high, error has
occurred.

8X01-AF
PIN CONFIGURATION
A,F PACKAGE
ce [ ] vee
7 [ [<] ER
so [5] ] a
MR [4] D
SE "__"‘ CWE
pmE [¢] (o] vy,
GND [ =] s2

PIN DESIGNATION

PIN NO. FUNCTION
Ll
S0, S1, Sp | Polynominal Select inputs
D Data input
cP Clock (operates on high to
low transition) input
Check Word Enable

CWE
P Preset (active low) input

MR Master Reset
(active high) input
Q Data output
ER Error (active high) output
PME Pattern match enable
(active low)

A high level on the Master Reset (MR) input
asynchronously clears the register. A low
level on the Preset (P) input asynchronous-
ly sets the entire register if the control code
inputs specify a 16-bit polynomial; in the
case of the 12 or 8-bit check polynomials
only the most significant 12 or 8 register
bits are set and the remaining bits are
cleared.

For SDLC, the user must invert the check
sum shifted out of the 8X01.

RECOMMENDED OPERATING CONDITIONS

LIMITS
PARAMETER UNIT
Min Typ Max
Voo Supply voltage 475 5.0 5.25 v
gy Supply current 40 100 mA
CP Clock input 0 5 MHz

SilnOtics
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OBJECTIVE SPECIFICATION 8X01-A,F
TRUTH TABLE 2
I T URCE
SELECT CODE L INJECTOR CURRENT SOURC
S, S4 So POLYNOMIAL REMARKS
L L L | X164x154x241 CRC-16
L L H X164 x144 X+ 1 CRC-16 REVERSE ! .
L H L | x164x15, X131 X7+ X4 4 X24X 141
L H H X124 %114 X34 X24 X+ 1 CRC-12
Vee - Vuu 5.0-08V
H L L | XB4xT4x54x44X+1 A= "7 eoma
H L H X841 LRC-8 = 4.20V = 700
60mA
E H L X164 x124 x5 1 CRC-CCITT
H H H X164 x114x441 CRC-CCITT REVERSE
TEST CIRCUIT
LOGIC DIAGRAM Ve
Ry =2K1)
SO —— .
POLYNOMIAL TEST
Sy — SELECT POINT

LOGIC

Sy —|

&
CWE

PME

PRESET _é) \}

DATA IN ——§
P —Qf 16-BIT REGISTER DATA OUT

I

MASTER
RESET

INPUT/OUTPUT CIRCUITS

ER INPUT STRUCTURE

Vee 70 2L L0Gic
Vay
GND 17

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
(Unless Otherwise Noted)

LIMITS L L L
PARAMETER TEST CONDITIONS UNIT - B
Min | Typ | Max
ViH Input high voltage 2.0 \
PUT STRUCTURE

ViL Input low voltage 0.8 \Y auTey
Vic Input clamp diode voltage | Vg = MIN, 'IN =-18mA -1.5 Vv
VoH Output high voltage Vge = MIN, 2.7 \Y

loH = -400uA, | jy = MIN
VoL Output low voltage Voo = MIN, g = 8mA, 0.5 \Y

lyg = MIN FROM

liL  Input low current Voo = MAX, VN = 0.4V -0.36| mA SuteuTs
l'\H Input high current Ve = MAX, V| =27V 20 wA &
Iy Max. input current Voo = MAX 0.1 mA
los Output short circuit current cc = MAX, -10 -42 mA = = =

VouT =0V, | gy =MIN NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS
lcc Supply current Ve = MAX, inputs open 10 18 mA
Iy Injection current Ve = MAX, inputs open | 60 100 | mA
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OBJECTIVE SPECIFICATION 8X01-A,F

AC ELECTRICAL CHARACTERISTICS

LIMITS
PARAMETER TO FROM TEST CONDITIONS UNIT
Min | Typ | Max
fmax Maximum clock frequency 5 7 MHz
Pulse width ns
twCP(L) Clock low See Figure 2 100
twP(L) Preset low See Figure 3 120
twMR(H) Master reset high See Figure 4 150
Setup and hold time ns
tsD Setup time Clock Data 120 | 150
tsCWE  Setup time Clock CWE See Figure 5 75 | 100
th Hold time Clock Data, CWE 0 |-30 | O
Propagation delay ns
TPLH Low to-high Data output Clock t i
kel Fiile o ata outpu , prese See Figures 1,2,3 100 | 160
tPLH Low to high i
" High to low Data output MR See Figure 4 75 | 100
tPLH Low to high .
tpHL High to low Error output Clock, MR, preset See Figures 2,3,4 150 | 200
tREC  Recovery time Clock MR, preset See Figures 3,4 60 | 90 ns

CHECK WORD GENERATION

DATA
CHECK WORD DATA PLUS
Enagle O ) CHECK BITS VOLTAGE WAVEFORMS
(NOTE 1 AND 3) O- _
NOTE 2
PROPAGATION DELAYS
CP TO Q AND CP TO ER
P CWE
L—1o CRC Q
GENERATOR/ T MAX——— ]
cLock O————lcp CHECKER .
MR
NOTE 2
NOTES aEwE

1. Check word Enable is High while data is being clocked, Low during transmission of check bits.
2. 8X01 must be reset or preset before each computation
3. CRC check bits are generated and appended to data bits.

Figure 1 Figure 2
PROPAGATION DELAYS, P TO Q AND ER PROPAGATION DELAYS, SET UP AND HOLD TIMES
PLUS RECOVERY TIME P TO CP MR TO Q AND ER D TO CP and CWE TO CP

PLUS RECOVERY TIME, MR TO CP

N twlL>~le_— ‘ " ‘
Lo, tHi—]
13v w |

MR 13v
VB D OR CWE
rec | |

QORER 13v

Figure 3 Figure 4 Figure 5
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DESCRIPTION

This LSI integrated circuit performs the
digital control functions required for gen-
erating AM/FM radio frequency local oscil-
lator signals using digital phase locked loop
techniques. By the use of low power Schott-
ky and ECL technologies on the same sub-
strate it is possible to operate at 80MHz
input frequencies with an average system
power of 1.6mW per gate typical.

FEATURES

80MHz input frequency

ECL prescaler

LS process

Single 5V supply

Power dissipation—600mW (max)
External components—

® 1 crystal

e 2 capacitors

PHASE LOCKED LOOP
BLOCK DIAGRAM

XTAL

0sc # DET. | VCO

Four (L0

FRer

Four Frer

MN

Fout MNRer
CHANNEL SPACING FOUT MFREF
8X08 N

PHASE LOCKED LOOP
PRINCIPLES

Digital phase locked loops are comprised of
4 basic building blocks: A fixed reference

increase or decrease until Fref=F out. When
MN

this occurs, the local oscillator is essentially

as stable as the crystal reference oscillator.

The local oscillator frequency (Fout) is
changed by programming a different num-
ber into the programmable counter. The
distance between discrete frequencies or
the channel spacing is determined by the
reference frequency.

For the AM/FM circuit, up to 200 channels
are possible with selectable channel spac-
ing of 10kHz for AM operation and 2000
channels at 100kHz for FM operation.

AM/FM Frequency Synthesizer
Circuit Description

The frequency synthesizer circuit logic dia-
gram is shown below. Following is a de-
scription of each of the major blocks.

Programmable Counter

The programmable counter consists of 3
stages of decade counter plus a divide by 1
or 0 counter to divide by numbers up to
1999. BCD programming data is presented
to the dividers in parallel form, one digit ata
time. Parallel data is strobed into internal
latches via strobe signals; one strobe for
each digit. A + 5 80MHz ECL prescaler pre-
cedes the programmable counter for FM
operation. This prescaler plus an external
160MHz =+ 2 flip-flop provide a + 10 160MHz
prescaler (M) function to scale the pro-
grammable counter input frequency down
to 16MHz maximum. A logic control circuit
bypasses the +M prescaler and the first
decade counter for AM operation. By this
technique, the channel spacing is pro-
grammable to 10kHz for AM operation and
100kHz for FM operation.

8X08-F XA

PIN CONFIGURATION

F, XA PACKAGE

w1
soi[2]
i [1]
K03 E
xos [5 ]

E

c2|8
GND| 9

T UT

vCco

An externally provided integrator and volt-
age controlled oscillator must be provided
to perform the complete frequency synthe-
sizer function. The integrator converts the
pulses that come from the phase detector
into a dc signal that controls the output
frequency of the voltage controlled oscilla-
tor. It is in the integrator part of the circuit
that the critical loop constants are deter-
mined. The voltage controlled oscillator is
normally a LC tuned oscillator with varactor
diode tuning that is controlled by the dc
signals from the integrator. In this case, two
are required, one for the AM band and one
for the FM band. The FM oscillator output
must be +5V ECL compatible while the AM
oscillator must be TTL compatible.

RECOMMENDED OPERATING CONDITIONS

frequency generator (crystal oscillator and LIMITS
divider), a phase comparator, a voltage con- PARAMETER Min Typ Max UNIT
trolled oscillator (VCO) and a programable
counter (+N). Ta Operating free air temperature -40 +85 °C
A 5.0 . \Y
In cases where very high frequencies must Vee Supply voltage e 2
. A Max input voltage
be generated, a fixed prescaler (+M) is em-
Z } data, strobe 16 \
ployed to divide the local oscillator frequen- . .
" 5 Max AM local oscillator input
cy down to a frequency compatible with the ; ;
operating frequency (Pin 11) 20 MHz
programmable counter. Fout from the VCO ) .
i Max FM local oscillator input
is divided down by the prescaler and pro- ) ;
operating frequency (Pin 10) 100 80 MHz
grammable counters and compared to the ’
Maximum reference frequency
reference frequency by the phase detector. oscillator-oparaiing frequshc 6 MHz
If Fout is not equal to Fref in phase and P 9 g Y
MN
frequency, the phase detector generates a
signal which causes the VCO frequency to
5iﬂlll!lil:5 115




Phase Detector Circuit

The phase detector is a digital edge-
detecting device that provides an output
three-state signal that is in a high imped-
ance state when the 2 input signals are
equal in phase and/or frequency. The out-
put of the phase detector is a series of
pulses that swing from the high impedance
state to .3V typical or from the high imped-
ance state to 4.2V typical. If the positive
edge of the divider input leads the refer-
ence, the pulses willgoto 4.2V. If it lags they
will go to .3V.

The width of the output pulses is a function
of the time between the positive edges
(phase) of the 2 signals. An example of the
operation of the device is shown where the
reference signal is twice the frequency of
the divider signal and has a phase lead of
270°. The output pulses are converted to a
dc signal by integrating amplifiers causing
the output frequency of the voltage con-
trolled oscillator to increase or decrease
(increase in this case) until the divider out-
put and the reference output are equal in
phase and frequency.

DIVIDER REFERENCE

PHASE DETECTOR CIRCUIT

8X08-F, XA

10KHZ

CASE 1—DIVIDER LAGS REFERENCE

CASE 2—DIVIDER LEADS REFERENCE

i)

REFERENCE

|

QA

1
. |

1
|

upP

{
|
[

I Lk

. |

PHASE DETECTOR ~— — . ==
OUTPUT
0.3v

[ =

[

L1 L
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8X08-F, XA

LOGIC DIAGRAM
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8X08-F XA
DC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS
LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
ViH High level input voltage
P, KD, AM/FM inputs 525 v
AM L.O. input 2 vV
FM L.O. input 4.1 5.25 Y
ViL Low level input voltage
P, KD, AM/FM inputs 3.75 v
AM L.O. input 0.8 Vv
FM L.O. input 3.3 Vv
l1H High level input current
P, KD, AM/FM inputs Vce = max, V| = 16V 200 MA
Vce = max, V| =525V 40 MA
AM L.O. input
(with 5k Q pullup to V) Vce = max, V| =5.25V 200 HA
FM L.O. input Vce = max, V| = 5.25V 400 WA
I Low level inputs current
P, KD, AM/FM inputs Vce = max, V| =3.75V -40 MA
AM L.O. input
(with 5k Q pullup to VCC) Vge = max, V| = 0.4V =7 -1.6 mA
FM L.O. input Vce = max, V| = 0.4V -40 WA
VoL Low level output voltage
System clock output Vge = min, lgL = 16mA 0.8 \
Lock indicator output Vce = min, loL = 16mA 0.8 Vv
Phase detector output Ve = min, loL = 40uA 0.5 )
VOH High level output voltage
Phase detector output Vce = min, IoH = -40uA Vce-0.5Vv
oL High level output current
System clock output Ve = min, VoH = 16V 250 MA
Lock indicator output Ve = min, VoH = 16V 250 LA
lce Supply current Ve = max 150 mA
AC ELECTRICAL CHARACTERISTICS
PARAMETER TO FROM LIMITS UNIT
Min Typ Max
Strobe pulse width ns
Setup and hold time 200 100 ns
tg Logic high Strobe Data 150
Logic low 50
th Logic high Strobe Data 40
Logic low 0

VOLTAGE WAVEFORM

PROPAGATION DELAY
oara X

| |
| |

S
STROBE

| |

I | | |
f f
| |

tow
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Crystal Oscillator Circuit

In this circuit, the cross-coupled transistor
pair form a bistable circuit. The crystal
provides positive feedback between the
emitters of T15 and T1s which causes the
circuit to oscillate at the crystal frequency.

Recommended Crystal
Characteristics

Type Fundamental Mode
Series Resonant

Series resistance <100 Q

CRYSTAL OSCILLATOR CIRCUIT

8X08-F, XA

R17 $
% o )I
2 34K
Tis T1e
T
T T
19 20
[ o T T Ny :
21
P
- 1K 1K ® i«
R10 R11 R12
= = = Ris = =R
] e "B= = e

T2s

OSCILLATOR OUTPUT

3.6 MHZ

Sifnotics
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DESCRIPTION

The Signetics Series 3000 Bipolar Micro-
processor Chip Set provides new levels of
high performance to microprocessor appli-
cations not previously possible with MOS
technology. Combining the Schottky bipo-
lar N3001 Microprogram Control Unit
(MCU) and N3002 Central Processing Ele-
ment (CPE) with industry standard memory
and support circuits microinstruction cycle
times of 100ns are possible.

In the majority of cases, the choice of a

bipolar microprocessor slice, as opposed to

an MOS device, is based on speed or flexi-

bility of microprogramming. Starting with

these characteristics, the design of the Sig-

netics Series 3000 Microprocessor has been

optimized around the following objectives:

® Fast cycle time

e All memory and support chips are industry
standard

® Cooler operation

* Lower total system cost

Systems built with large-scale integrated

circuits are much smaller and require less

power than equivalent systems using medi-

um and/or small scale integrated circuits.

The 2 components of the Series 3000 chip
set, when combined with industry standard
memory and peripheral circuits, allows the
design engineer to construct high-
performance processors and/or controllers
with a minimum amount of auxiliary logic.
Features such as the multiple independent
address and data buses, tri-state logic, and
separate output enable lines eliminate the
need for time-multiplexing of buses and
associated hardware.

Each Central Processing Element repre-
sents acomplete 2-bit slice through the data
processing section of a computer. Several
CPEs may be connected in parallel to forma
processor of any desired word length. The
Microprogram Control Unit controls the
seguence in which microinstructions are
fetched from the microprogram memory
(ROM/PROM), with these microinstruc-
tions controlling the step-by-step operation
of the processor.

Each CPE contains a 2-bit slice of 5 inde-
pendent buses. Although they can be used
in a variety of ways, typical connections are:

Input M-bus: Carries data from external
memory

Input I-bus: Carries data from input/out-
put device

Input K-bus: Used for microprogram mask
or literal (constant) value in-
put

Qutput A-bus: Connected to CPE Memory
Address Register

Output D-bus Connected to CPE accumu-
lator.

120

As the CPEs are paralleled together, all
buses, data paths, and registers are corre-
spondingly expanded.

The microfunction input bus (F-bus) con-
trols the internal operation of the CPE,
selecting both the operands and the opera-
tion to be executed upon them. The arith-
metic logic unit (ALU), controlled by the
microfunction decoder, is capable of over
40 Boolean and binary operations as out-
lined inthe FUNCTION DESCRIPTION sec-
tion of the N3002 data sheet. Standard carry
look-ahead outputs (X and Y) are generated
by the CPE for use with industry standard
devices such as the 745182.

Sifnotics

FEATURES

* Bipolar Schottky Technology
Multiple Input/Output Bus Structure
Fastest Microprocessor Available
512 Microinstruction Addressibility
Full Function Accumulator

AVAILABILITY
Immediate delivery for Signetics Rep. or
Distributors.

CONTENTS

1 ea—-NB3001 Microprogram Control Unit
4 ea—N3002 Central Processing Element
1 ea—74S182 Look-Ahead Carry

3 ea—82S114 256 x 8 PROM

1 ea—8T31 Bidirectional I/O Port

2 ea—8T26A Quad Bus Transceiver

1 ea—Introductory Manual



MICROCOMPUTER BLOCK DIAGRAM

10 CONTROL MEMORY ADDRESS BUS DATA BUS
A OUTPUTS D QUTPUTS
FO-6 XY P.G
745182
) K-INPUTS
MICRO :l%:
PROGRAM N(’ZIZ(EJZS o
MEMORY = Cn G
(825114) ) u
M-INPUTS cl
RO
= I-INPUTS T ——.
AO-7
ACO-6
MCu
N3001
FO
§X0-3 Fl <
PX4-7 FCO-3

FROM |I/0 DEVICES

Figure 1

DATA IN FROM MEMORY

COMPATIBLE PRODUCTS
825100, 825101 FPLA

Field programmable (Ni-Cr Link)

Input variables—16

Output functions—8

Product terms—48

Address access time—50ns

Tri-state (825100) or open collector (82S101)
outputs

® 28-pin ceramic dip

825115/123/129 PROMs

Schottky TTL technology

Single +5V power supply

32 x 8 organization (82S5123)

256 x 8 organization (825129)

512 = 8 organization (825115)

Field programmable (Nichrome)
On-chip storage latches (82S115 only)
Low current pnp inputs

® Tri-state outputs

* 35ns typical access time

® Standard 24-pin DIP (825115)

e Standard 16-pin DIP (825123, 825129)

82525/825116/82S11 RAMs
Schottky TTL technology

16 x 4 organization (82S25)
256 x 1 organization (82S116)
1024 x 1 organization (82S11)
On-chip address decoding
16-pin ceramic dip

8T26A/8T28 Quad Transceiver

Schottky TTL technology

4 pairs of bus drivers/receivers
Separate drive and receive enable lines
Tri-state outputs

Low current pnp inputs

High fan out-driver sinks 40mA

20ns maximum propagation delay
Standard 16-pin DIP

Sifnotics

8T31 8-Bit Bidirectional Port

Schottky TTL technology

2 independent bidirectional buses

8-bit latch register

Independent read, write controls for each bus
Bus A overrides if a write conflict occurs
Register can be addressed as a memory loca-
tion

via Bus B Master Enable

30ns maximum propagation delay

Low input current: 500uA

High fan out-sinks 20mA

Standard 24-pin DIP
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DESCRIPTION

The 8080 Emulation Kit is a microprogram-
mable microprocessor utilizing Schottky
LSl components to implement an emulation
of an Intel 8080A microcomputer system.
The emulationis functionally equivalentto a
microprocessor system incorporating the
following Intel devices: 8080A, 8228, 8224
and 8212. The kit provides the standard
address, data, status and control buses as
defined in the Intel 8080 Microcomputer
System Manual. Since the kit uses bipolar
LS| elements, the emulator lacks the two-
phase non-overlapping clock. Furthermore,
those signals emanating from the 8080 dur-
ing SYNC time are not provided, but rather
the useful status signals provided by the
8228 system controller are implemented.
The emulation also provides an extension of
the 8228 operation during multi-byte in-
terrupts. This is realized by allowing any
8080 program branch instruction to be in-
serted during interrupts rather than restrict-
ing multi-byte instructions to CALL during
interrupts. Finally, a nonstandard status
signal, RTRAP, is provided which indicates
that the present instruction is a reserved or
undefined instruction. After this indication,
the processor will enter the normal HALT
routine and await an interrupt. (Intel 8080A
operation during undefined instructions is
undefined.) Thus all 12 of the unused in-
structions in the 8080 instruction set are
reserved for future instruction set expan-
sion. These unused codes may be used at
any time to extend the usual instruction set
without requiring any reprogramming of the
bipolar PROMs used for microprogram
memory. Finally, the emulator is fully static
so that the clock may be adjusted from a
typical cycle time of 150ns to dc.

The kit contains all the parts necessary to
construct the emulator and includes
preprogrammed PROMs. The kit is design-
ed to be assembled by a skilled technicianin
about 8 hours.
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FEATURES

Part Number:
Availability:

Full emulation of 8080A system

Speed increase by factor of 2 to 9.2 over
8080A system

Static operation; microcycle time dc to
150ns

Operation from single +5V supply
Executes all 8080 instructions
Hardware multiply and divide
Microprogram expandable

Includes single phase clock

Full vectored interrupt to any location
within 64K memory

3000KT8080SK

Immediate delivery from
Signetics, Rep or Distribu-
tors

Sifnetics

KIT CONTENTS

1 each N74123

1 each N3001

8 each N3002

7 each N82S115

1 each N82S23

2 each N825123

2 each N82S126

3 each N8263

3 each N74S182

1 each N745280

2 each N7475

1 each DM8613

11 each N74S174

2 each N8T28

3 each N8T97

1 each N745153

2 each N745157

1 each N7400

1 each N74S02

3 each N74S04

1 each N74S08

1 each N74S10

1 each N74S133

2 each Resistor networks 1K, 16-pin
1 each P.C. board

1 each Manual

1 each Schematic

1 each Set of microprogram listings
Plus: Over 25 miscellaneous

resistors, capacitors and other
parts



BLOCK DIAGRAM INSTRUCTION EXECUTION

TIMES (150ns microinstruction cycle
time, 150ns RAM access time)
X\Er\oqgnv CY- |[EXECUTION
. INSTRUCTION | CLES| TIME (us)
MEMORY [N A1s
‘ [ o faoemess > LXI 7 1.05
)  feiirs 5 TeR /a0 PUSH 9 1.35
LY L ' PUSH PSW 9 1.35
[ B [ ey : POP 9 1.35
M - PIPE-
C(I)(r:\ﬁ'(IJROL 3 L|NEE SR ggﬁ% ggaEz gaP;Z POP PSW 8 1.20
S RES ——— prom \,\ ARRAY 2 ARRAY 1 STA 9 1.35
—) > LDA 8 1.20
[ - .| XCHG 7 1.05
XTHL 13 1.95
— SPHL 3 45
] [ MUX PCHL 6 .90
DAD 4 .60
W STAX 6 .90
I—_- LDAX 5 I5
o1 Sia. ALU INPUT box INX 2 30
Salksd - DCX 3 45
i s of o] {o rn CMA 2 30
SIG ¥ g
5 = ) |5 3] s
INST. | . | ] v 2 .
DECODE 1 [= L TRAN ng DAA 10 1.50
- % SHLD 1 1.65
MEMR
READY :VI_ERMW |é|I‘iLD 12 128
INT CONTROL —Jt CONTROL .
SSSLEDT LINES IN Y/ NESOUT % DI 2 30
HLTA
L e phicad I\Nﬂgi 22 3'38
— MOV r1, r2 3 45
MOV M, r 6 .90
MOV r, M 6 .90
HLT 4 .60
MVI r 4 .60
MVI M 4 1.05
INR 3 .45
DCR 4 .60
INR M, DCRM 8 1.20
Arithmetic reg 4 .60
Arithmetic mem 74 1.05
Arithmetic immed.| 4 .60
RLC 4 .60
RRC 3 .45
RAL 4 .60
RAR 3 .45
JMF’T 6 .90
JMP 4 .60
CALL1 13 1.95
CALL 4 .60
RET 8 1.20
RET' 2 30
RST 13 1.95
IN 8 1.20
ouT 8 1.20
Min Typ2 | Max
DIv Lis
4.80 6.60 8.40
NOTES

1. Conditional branch with condition not met.
2. Depends upon value of divisor
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DESCRIPTION

The Signetics Microassembler isacomplete
software package designed to support gen-
eral slice system architectures which em-
ploy Signetics bipolar microprocessor com-
ponents. It provides a flexible
microassembler language which is adapt-
able to the numerous configurations and
formats of systems using bipolar micro-
processor chips. The Microassembly lan-
guage allows specification of the microin-
struction formats and bipolar devices
utilized in a user system. This enables the
Microassembly language to be tailored to
the specific configuration for which the
microprogram is written. In particular, the
Mircoassembly language provides intrinsic
support for the 3002 and 2901 Central Proc-
essing Elements and the 8X02 Control
Store Sequencer. Through the inclusion of
explicit definitions, similar support can be
obtained for the 3001 Microprogram Con-
trol Unit, as well as other bipolar chips.
Although specifically intended for use with
Signetics’ bipolar microprocessor prod-
ucts, the flexibility of the Microassembler
enables it to handle virtually all micropro-
grammed applications.

The Microassembler consists of two inde-
pendent programs. The first reads the mi-
croprogram and the appropriate configura-
tion and format descriptions written in the
Microassembly language. It produces a list-
ing of the source input and the resulting
binary form of the microinstructions in the
microprogram. The listing also includes
diagnostics for any errors found in the
source and a cross reference for symbols
used in the microprogram.

The second program punches paper tapes
that can be used to program microcontrol
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store PROMS. It reads an object form of the
microprogram produced by the first pro-
gram. The microprogram object is parti-
tioned into PROM modules and separate
output is produced for each PROM.

MICROASSEMBLY LANGUAGE

The Microassembly language input to the
Microassembler is divided into two sec-
tions. The first section defines the microin-
struction formats and device configurations
of the user system. The second section is
the microprogram in the form of symbolic
microinstructions.

The definition section specifies the name
and length of each field in the microinstruc-
tion. Microinstructions may be any length,
and multiple microinstruction formats may
be defined. In addition, the definition sec-
tion allows definition of opcodes used in
writing symbolic microinstructions.

The microprogram section is the sequence
of symbolic microinstructions which com-
prise the microprogram. A symbolic mi-
croinstruction is a statement specifying val-
ues for each field in the microinstruction.
User defined opcodes allow mnemonic
specification of field values. Field values not
specified may be defaulted.

The Microassembly language also supports
the standard assembler directives—ORG,
EQU, SET, SPACE, TITLE, EJECT. Values
in the Microassembly language may be
decimal, hexadecimal, octal or binary con-
stants, ASCII character constants, or sym-
bolic values. These may also be combined
into expressions using arithmetic, binary
shift, and logical operators. The supported
operators include +, -, SHR, SHL, NOT,
AND, OR, XOR.

sinOtics

PROM FORMATTING

The microprogram object is formatted into
paper tapes for programming microcontrol
store PROMS using a microformat com-
mand file. The microformat commands
specify the partitioning of the micropro-
gram into PROMS and specify the format of
the paper tape output. Each bit of a micro-
instruction may be individually allocated to
a PROM and optionally inverted. The ad-
dressing space of the microprogram may
also be partitioned with provisions for in-
verted addresses. A typical application
would be the allocation of a 1024X40 mi-
croprogram to ten 512X8 PROMS.

The following paper tape formats are
supported—2650 Absolute Object Code
SMS format and various BNPF formats. The
2650 Absolute Object Code, can read by the
Signetics TWIN (Test Ware Instrument—A
microprocessor system development in-
strument) when it is used to program
PROMS.

USING THE MICROASSEMBLER
The Microassembler is written in ANSI
FORTRAN |V and it may be run on any
machine of sufficient memory size which
has the requisite standard FORTRAN com-
piler. It is available in source form on mag-
netic tape. Or, if desired, the Microasssem-
bler may be accessed via TYMSHARE, GE
or NCSS Timesharing Services. The Mi-
croassembler also provides special com-
mands called toggles which adapt the Mi-
croassembler to specific operating
environments.

A full description of the Microassember is
contained in the Signetics Microassembler
Reference Manual.



DESCRIPTION

The Signetics 8X300 Fixed Instruction Bi-
polar Microprocessor provides new levels
of high performance to microprocessor
applications not previously possible with
MOS technology.

In the majority of cases, the choice of a
bipolar microprocessor slice, as opposed
to an MOS device, is based on speed. The
8X300 processor, combined with high-
speed memory and I/O devices, is capable
of executing all instruction in 250ns.

The 8X300 is optimized for control and data
movement applications. It has a 13-bit add-
ress bus for selecting instructions from
program storage and a separate input bus
for entering a 16-bit instruction words. Data
handling and I/O device addressing are
accomplished via the 8-bit Interface Vector
(IV) bus. The IV bus is supported by four
additional control lines and a clock.

The unique features of the 8X300 IV bus and
instruction set permit 8-bit parallel data to
be rotated or masked before undergoing
arithmetic or logical operations. Then, the
data may be shifted and merged into any set
of from 1 to 8 contiguous bits at the destin-
ation. The entire process of input, shifting,
processing and output is done in 1 instruc-
tion cycle time. The 250ns cycle time makes
the 8X300 ideally suited for high-speed ap-
plications.

The evaluation board contains all the ele-
ments which a designer needs to judge the
suitability of the 8X300 for his systems
applications. Included with the 8X300 are
41/0 ports for external device interface, 256
bytes of temporary (working) data storage,
and 512 words of program storage, all prop-
erly connected to the 8X300 to allow im-
mediate exercising of the board. For this
purpose, the PROMs are preprogramed
with the I/0 control, RAM control, and RAM
integrity diagnostic programs. With the re-
maining PROM space, the designer may
enter his own benchmark, test, or develop-
ment routines.

The board design allows complete flexibili-
ty in access to the address, instruction, and
IV busses as well as all controls and signals
of the 8X300. The IV bus, I/O port user
connection, clock signals control lines,
address bus and instruction bus are wired
to output pins, the board edge connector
and flat cable connectors.

The board layout permits variations and/or
expansions of the basic design. In addition
to the access to all signals for transfer off
the board, a wire wrap area is provided so
that the designer may add to the board
circuitry as he desires. The addition may
include memory, additional interfaces, or

special circuits which meet specific user
requirements.

Controls are also provided for diagnostic
and instructional purposes by allowing
various operating modes. In the WAIT
mode, the program may be single stepped
for ease of checkout. The one-shot instruc-
tion jamming allows control of the program
start location, changes of program flow,
changing or examining the internal regis-
ters, or testing of simple sequences. The
repeated instruction jamming provides a
means of repetitive execution of an instruc-
tion so that the I/0O bus and the control
lines may be examined without software
changes. In both of these jam cases, the
jammed instruction is selected by board-
mounted switches.

FEATURES

250ns CPU with Crystal

4 1/0 Ports (32 Lines)

256 Bytes Data Storage

512 Words Program Storage
Run/Wait Control

Single Step

Instruction Jamming

One Shot Instruction Jam
Repeated Jam

All Buses to Output Pins
Firmware Diagnostics
Wire-Wrap Area

Edge Connector

Flat Cable Connectors

Wire Wrap Posts for Bus Lines

SiNOtCS

CONTENTS

1 ea— 8X300

8 ea— 82S116 (256 x 1 RAM)

2ea— 825115 (512 x 8 PROM)

4 ea— 8T32 Addressable Bidirectional
1/0 Port

1 ea— 8T31 (Bidirectional I/0O Port)

2 ea— 8T26A (Quad Bus Transceiver)

4 ea— 74157 (Quad 2-Input Data Selec-

tor)

2 ea— 7474 (Dual D Flip Flop)

2 ea— 7400 (Quad Nand Gate)

1 ea— 7427 (3-Input NOR Gate)

1ea— P.C. Board
Misc. Parts

1 ea— Introductory Manual, assembly
instructions, code listings and
schematics

AVAILABILITY

Immediate delivery from Signetics Rep.
or Distributors.
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BLOCK DIAGRAM
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USER CONNECTION

Auxiliary Circuits

The 8X300 can be used with any bipolar (or
TTL-compatible) ICs. It can directly ad-
dress 8192 program instruction locations
and up to 512 I/O ports. The memory

paging feature may

be employed for larger

working storage. Typical auxiliary circuits

include:

Program Storage

1/0 8T32/33
8T35/36
8T31

8T39
Working Storage
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825115 (512x8 PROM)
(8-Bit Synchronous
Bidirectional I/0
Port)

(8-Bit Asynchronous
Bidirectional I/0O
Port)

(8-Bit Bidirectional
1/0 Port)

(Quad Bus Extender)
825116 RAM

SinDtics




DESCRIPTION

A new kit has been developed which allows
for convenient programming of the select
addresses for the 8T32 family of devices,
including the 8T33, 8T35 and 8T36. The kit
consists of all parts necessary for the con-
struction of the kit including voltage regula-
tors, address program switches and status
lights. All that is required is to construct the
kit, apply +5 volts and approximately +28
volts and the 8732 may be programmed.
The programming sequence consists of
three steps. First, the 8T32 select address is
programmed. Second, the kit verifies the
programming by testing for positive re-
sponse to the address as well as the disable
for the address complement. After verifica-
tion, the programmer is switched to the
protect mode in which the isolation is per-
formed. This step prevents further address
alteration. The kit includes documentation
on assembly and use.

The kitis made available for those designers
using 8T32 family devices so that they may
easily program the address in their lab or at
a conveniently located Signetics or Distrib-
uter facility. For prototyping, the designer
may order unprogrammed devices and then
put in addresses as required rather than
ordering several addresses of the prepro-

grammed type. This will save the designer CONTENTS

time and money. PC bc?ardl
All IC’s, discrete parts, and hardware
AVAILABILITY Assembly instruction manual

Immediate delivery from Signetics Rep. or
Distributors

BLOCK DIAGRAM

8T32KT1000SK

FEATURES

e Programs, isolates, and verifies select
addresses for 8T32 family

¢ Kit contains all components necessary to
build programmer

® Two hour assembly time

STATUS POWER
INDICATOR SUPPLY

|

-

POWER

TIMING

8732

SWITCHING

OSCILLATOR

VERIFY ~1 DISPLAY

START
i
o ] | ADDRESS I
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DESCRIPTION

The 8X300 Assembler is a program which
accepts source code written in the 8X300
assembly language and which produces
both a listing of the symbolic program and
an object module in one of three formats:
MCSIM, ROM Simulator or BPNF.

The assembler is written in ANSI standard
Fortran and is approximately 2800 card
images in length. It requires some rewind-
able 1/0 medium such as disk or tape for
temporary storage, an input device to read
source code and two output devices, one to
output the assembler listing and one to
output the object module. If desired, the
assembler may be compiled and linked to
execute in overlays.

The assembler consists of two passes which
build a symbol table, issue helpful error
messages, produce an easily readable pro-
gram listing and output a computer read-
able object module.

FEATURES

® Macros nested to three levels
Conditional assembly

Address arithmetic

Automatic procedure/subroutine han-
dling

Reserved symbols for registers

Multiple entry to procedures

Symbolic machine operation codes
Symbolic address assignment references
Symbolic data creation statements (IV
Byte References)

Free format source code

Syntax error checking

Self-defining constants

Assembly listing control statements
ASCII character code

Comment statements and comment
areas

* Forward referencing

® o o o o
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MCCAP LANGUAGE

The assembler recognizes three types of
statements: comment statements, machine
instructions, and pseudo-ops (directives).

Comment statements are used to document
a listing. They must contain an asterisk in
column 1 and may contain any legal charac-
ter in the other 79 columns.

Machine instruction statements are those
statements that generate instruction(s) to be
executed by the 8X300 processor. Machine
instruction statements include:

MOVE Move byte from one location to
another.

Add the byte in one location to the
byte in the auxiliary register and
store the result in another loca-
tion.

AND the byte in one location with
the byte in the auxiliary register
and store the result in another
location.

Exclusive OR the byte in one loca-
tion with the byte in the auxiliary
register and store the result in
another location.

Execute the instruction at the
specified address.

Transmit the literal (immediate
data) contained in this instruction
to the specified location.

Jump to the specified address if
the value in the specified location
is not zero.

Jump to the specified address.
Transfer control to aprocedure or
an entry point.

Returns control from a procedure
or an entry point.

Places the address of an IV Byte
variable into the IVL or the IVR
register.

ADD

AND
XOR

XEC

XMIT
NZT

JMP
CALL
RTN

SEL

Pseudo-Ops (or Directives) are commands
to the assembler, but have no meaning to
the 8X300 processor.

sinotics

EQU Assigns a value to the symbol
in the label field.
SET Identical to EQU, except that

the symbol may be redefined
by another SET statement.
LIV Assigns a symbolic name to
the address, position and pre-
cision of the “left bank” Inter-
face Vector Byte variable.

RIV Identical to LIV, except that the
assignment is made to the
“right bank” 1/0 Field.

PROG Introduces and names the
main program.

PROC Introduces and names a
procedure.

ENTRY Specifies an additional entry
point to a procedure.

END Terminates a procedure, apro-
gram or a MACRO.

ORG Changes the value of the loca-
tion counter.

oBJ Specifies the format of the ob-
ject module.

IF Introduces source statements
subject to conditional assem-
bly.

ENDIF Terminates the source state-
ments subject to conditional
assembly.

LIST Specifies the list and punch
options.

NLIST Negates the list and punch op-
tions.

EJCT Advances listing to next page.

SPAC Advances listing to next line.

MACRO Defines the source statements
generated a macro call.

AVAILABILITY

The assembler is available on NCSS, GE
and TYMSHARE timesharing services. It is
also available from Signetics on 9-track
magnetic tape written in EBCDIC in 80-
character unblocked records at a density of
800 bpi.



FEATURES

* Totally self-contained with keyboard
alpha-numeric display, tape reader, TTY
output

® Dual MicroControllers: one to run instru-
ment, one dedicated to execute user’s
program

* Real time instruction execution

* Control of program execution-Halt
Single Step and Run Modes

* Direct program/register/IV examination
and modification through keyboard

® Three breakpoint types—Normal, Halt
and Insert Instruction

® Up to 4k words of high speed read/write
program storage

® Format compatible with papertape out-
put of MicroController Cross Assembly
Program

DESCRIPTION

The SMS MicroController Simulator,
MCSIM, is a hardware development instru-
ment designed to perform in the user’s sys-
tem exactly as an SMS MicroController. It
directly supports the SMS 300 (8X300) as
well as MicroController prototyping sys-
tems. MCSIM gives the user an Interpreter
system with a modifiable Program Storage
and a Control Panel which together provide
a means of entering, running, monitoring,
debugging and changing a program. It fea-
tures ease of use due to its high level inter-
active display/keyboard and simple operat-
ing system. MCSIM allows the user to run
his program on-line in real time. Through
the Control Panel, data stored in internal
registers, Working Storage and |V Bytes can
be examined and modified. An extensive
breakpoint capability permits the user to
quickly locate program faults.

MCSIM contains two MicroControllers: one
for running the instrument and a second
totally dedicated to the user’s program and
prototyping system. This insures that when
program development is complete and the
design specifications have been met, pro-
duction systems will perform identically
with the prototype.

OPERATION

MCSIM operation is separated into six
modes, each mode consisting of a related
set of functions and status displays. Access
to a mode is made using one of the six mode
selection keys. (See Table 1). The currently
selected mode is displayed at the extreme
left part of the display; the currently select-
ed function is displayed at the extreme right
of the display. Selection among the avail-
able functions is made using the 1 and |
keys, incrementing and decrementing to the
next function. The function selected at last
exit is automatically re-selected when the
mode is re-entered except for the Break-

. MCSIM SysTEN START.

point Mode which selects the Current dis-

play.

An operation is generally performed using

the following four steps:

1. Select a mode by depressing one of the
six Mode Select Keys.

2. Select a function in that mode by posi-

tioning the function roll with one of the
two Function Select Keys.

. Set up any necessary conditions, such as

entering data or readying papertape in
the reader.

. Activate the function by depressing the

Function Acknowledge Key (FCN/ACK).

MODE

FUNCTIONS

Manual

Examination and alteration
of Program Storage

Change Address
Store Instruction

Tape

Load or dump all or part of
Program Storage

Load
Verify
Begin Punch Address

End Punch Address
Punch
Program ldentification

Register

Examination and alteration
of the Interpreter’s internal
registers

Change Address
Store Octal Data
Store Binary Data

Complement Overflow

Interface Vector

Examination and alteration
of the locations on the IV Bus

Display Current Enabled Bytes

Change IV Address

Store Binary Data in IV
Location

Breakpoint

Set one of three types

Display Currently Active
Breakpoint

Set Normal (Sync) Breakpoint
Set Stop Breakpoint

Replace Instruction at

Control and monitor execution
of a program

of breakpoint for program Breakpoint
debugging
Execute Halt

Run Program

Insert Instruction
Single Step

Table 1 MCSIM OPERATOR CONTROLLED FUNCTIONS

Sifnotics
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SPECIFICATIONS

Control Panel

The Mode Select Keys and the Function
Select Keys used in combination give the
user 26 possible functions to accomplish
complete loading and testing of the pro-
gram. Each Mode Select Key accesses a set
of functions, one of which is chosen using
the Function Select Keys.

Status Messages
Message displays are used to indicate spe-
cial conditions which may result from the
operation of MCSIM:

POWER ON, MCSIM SYSTEM START
???MORE THAN ONE KEY PRESSED
UNABLE TO READ TAPE. RESTART
UNDEFINED MEMORY ADDRESS (octal
address)

INVALID INSTRUCTION (instruction code)
LOADING INTERRUPTED, RESTART,
V'FYING INTERRUPTED, RESTART
P'CHING INTERRUPTED, RESTART

Data Input/Output

NO VERIFY (octal address, tape data, mem-
ory data)

CLEAR RESET LINE TO START RUNNING
CLEAR HALT LINE TO START RUNNING
INVALID 8-BIT OCTAL VALUE (octal value)
UNDEFINED IV BYTE ADDRESS (octal
address)

Sync Output
Output pulse whenever address breakpoint
is reached.

System Interface

MCSIM is connected to the user’s prototyp-
ing system via a single ribbon cable. This
cable terminates in either a MicroControl-
ler Simulation Module or a dual in-line plug
which is pin for pin compatible with the SMS
300 Interpreter. There are two different sim-
ulation modules to exactly match presently
available MicroController systems. Selec-
tion of the proper input/output connector
makes a MCSIM appear to be physically and
electrically equivalent to a production Mi-
croController or Interpreter.

COMPONENTS

DESCRIPTION

Panel

Tape Reader
format)
TTY

terminal

36 character self scan display for messages and data readout
12 key numeric keyboard for data entry/modification
120 character/second tape reader for high speed data entry (ASCII

20mA current loop output for listing of program code on Teletype®

PHYSICAL CHARACTERISTICS

Power 115V or 230V £ 10%
50 or 60Hz + 10%
350 watts/min. to 750 watts/max.
(Power dissipation dependent on the number of Simulation Modules
configured in the system)

Dimensions 7 inches high x 17 inches wide x 19 inches deep

Installation May be used on table or may be installed in standard 19 inch rack with
mount adapters

Weight 65 Ibs. net, 75 Ibs. shipping

Ventilation Air Flow 120 CFM

Environmental | 0° to 55°C,Relative Humidity to 90%.
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MCCAP

The MicroController Cross Assembly Pro-
gram (MCCAP) is designed to translate sym-
bolic instructions into object code that can
be executed by the SMS 300. This program
will run on most computers that have a
FORTRAN compiler with a computer word
length of at least 16 bits and a random
access capability. MCCAP features:

® Symbolic address assignment and refer-

ences

Automatic Procedure Handling

Predefined System Procedures

Forward References

Expression Evaluation

Flexibility to handle MicroController

component configurations as well as

standard systems

e Generation of object code for MCSIM,
and SMS ROM Simulator, or most PROM
programmers



FEATURES

* Real time monitoring instrument for SMS
300

Totally self contained

Displays IV address and data
Displays current program address
Displays current instruction
Control of RESET and HALT
Single step capability

Real time instruction insertion
Two real time breakpoints
Breakpoint output signal

DESCRIPTION

The MicroController Monitor is a self con-
tained debug and maintenance tool for use
with all systems containing the SMS 300
(8X300). It provides a control panel allowing
an operator to observe, modify, and control
program execution in real time permitting
system faults to be rapidly traced. The Mon-
itor displays the status of the Address, In-
struction, and IV Bus of an Interpreter.
Switch registers associated with each dis-
play can be used to set breakpoint ad-
dresses and enter instructions or data from
the Monitor. Program execution can be
halted, single stepped, or altered from Mon-
itor controls.

The Monitor can be used to insert instruc-
tions thereby examining or modifying the
contents of internal registers, Working
Store, and IV Bytes. In addition, it can be
used to start program execution from any
address and enable the operator to set
program loops allowing a program segment
to be checked independently of normal
program flow. Breakpoints on IV data and
program address allow the operator to halt
program execution or insert instructions in
real time.

As shown in the diagram below, the Monitor
connects to the system under test through
flat ribbon cables (provided) or an adaptor
(optional) which plugs into an Interpreter
socket. These connections are buffered and
present a negligible load to the system.
Other features include a Sync output which
provides pulses at a selectable program
address or Interface Vector event.

OPERATION

The MicroController Monitor provides the
user with two basic modes of system opera-
tion, RUN and STEP. When in the RUN
mode, indicator LED’s provide a continuous
real time display of the three major system
busses: Address, Instruction, and Data. Pro-
gram execution can be halted by one of two
actions: depressing the Halt switch or se-
lecting the Halt on Breakpoint function.
When halted, it is possible to execute one
instruction at a time by pressing the RUN/

»

@ . S — |-

i » 5’72‘9) px!

\

» waa
Z2PP »

Sheakrony W'

WSTRUCTION, :
B L

SYSTEM UNDER TEST

MONITOR

STEP control to the STEP position. The
readout shows the current (static) bus infor-
mation and the next instruction to be exe-
cuted.

For checkout purposes it is useful to be able
to set a program loop or modify the normal
progam flow in some other manner. This is
accomplished by inserting in real time the
instruction set up on the Instruction Switch
Register whenever the Program Address
Breakpoint is reached. To check for system
noise or similar malfunction a separate In-
sert Instruction switch can be set to the
Multiple position, forcing one instruction
repetitively. When halted, a single instruc-
tion can be inserted by toggling the Insert
Instruction switch to the Single position.
When an instruction is being inserted, sys-
tem ROM is temporarily disabled.

To aid in the diagnosis of a malfunction an
advanced breakpoint capability is provided.
In addition to the Halt and Insert functions
when a Program Address Breakpoint is
reached, a breakpoint can be generated on
the Interface Vector (IV) Bus data or ad-
dress. This permits program execution to be
halted or a Sync pulse generated in re-

Sifnotics

sponse to external data or the contents of
RAM. Three modes of |V Breakpoint gener-
ation are selectable: Breakpoint on IV Ad-
dress; Breakpoint on IV Address and IV
Write Data; and Breakpoint on IV Address
and IV Read Data. The |V Breakpoint Data
switches have a “don’t care” position to
permit generation of a breakpoint on a data
subfield. A Sync pulse outputis provided on
either the IV Breakpoint or Program Ad-
dress Breakpoint (switch selectable).
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SPECIFICATIONS

PHYSICAL CHARACTERISTICS

“|” """ Controls

Function

RUN/STEP

INSERT INST

RESET/HALT

PGM ADR BKPT

IV BKPT

BKPT UPON

SYNC SOURCE

Sets operation mode, continuous execution (RUN) or single step
(STEP).

Unconditionally causes execution of the instruction in the Instruc-
tion Switch Register.

Three position switch used to unconditionally HALT program execu-
tion or RESET Interpreter's Program Counter to zero.

Selects appropriate function to be performed when Program Ad-
dress Breakpoint is reached: HALT—halt on breakpoint, INSERT—
replace normal instruction with instruction set into Instruction
Switch Register, OFF—program execution unchanged by break-
point.

Selects appropriate function to be performed when IV Breakpoint is
reached: HALT—halt on breakpoint, OFF—program execution un-
changed by breakpoint.

Selects IV Breakpoint on one of three conditions: specified IV
address, specified write data at IV address, specified read dataat the
IV address.

Selects source for output Sync pulse, IV Breakpoint or Program Ad-
dress Breakpoint. Sync pulse always available at breakpoint regard-
less of function selected by breakpoint controls.

Power

115Vac = 10% at 0.75
amp max.

230Vac + 10% at 0.38
amp max. (optional)
47-63Hz

Dimensions

7"Hx17.5"W x 3" D

Installation

May be used on table
or may be installed in
standard 19 inch rack
(using optional adap-
tors).

Weight

10 Ibs. net, 13 Ibs.

shipping

Ventilation

Forced air, 120 CFM.

Environmental

0° to+ 50°C, relative hu-
midity to 90%

Cables

2 provided, 3 feet long

Switch Registers

INSTRUCTION Sixteen two position switches for entering instruction to be inserted
(during breakpoint or insert instruction control).

BREAKPOINT Thirteen two position switches to select program breakpoint ad-

ADDRESS dress.

v Eight two position switches to select |V byte breakpoint address or

BREAKPOINT Working Store breakpoint address.

ADDRESS

BANK Selects display of LB (Left Bank) or RB (Right Bank) |V address
information. Also selects either LB or RB for IV breakpoint.

1\ Eight three position switches, 0, 1, X (don'’t care), to select IV Data

BREAKPOINT Breakpoint.

DATA

Displays

RUN LED display indicating when Interpreter not halted.

CURRENT LED display of the binary value of next instruction to be executed.

INSTRUCTION

CURRENT LED display of the binary address of the next instruction to be

PROGRAM erformed.

ADDRESS P

IN XEC LED display indicating that the value of the Interpreter's program

RANGE counter and address register may not match because the previous
instruction command was “Execute.”

BANK Displays band addressed by the currentinstruction (left bank or right
bank).

CURRENT IV Shows the binary address of the currently enabled IV Byte or

ADDRESS Working Store location.

CURRENT IV Binary display of the data on the IV bus.

DATA

Outputs

SYNC Pulse output whenever the switch selected breakpoint occurs.

PGM ENI(L) A low true signal used to enable or disable system program ROM
(required only when Interpreter adaptor is used).

Cycle Time

The Monitor can be adjusted to work with any MicroController-
based system with a cycle time of 200ns to 2us.
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PRELIMINARY SPECIFICATION

DESCRIPTION

The 2650A and -1 are additional members of
the Signetics family of 8-bit, NMOS micro-
processors.

The 2650A is a functional equivalent of the
2650 with a new mask design which pro-
vides improved device operating margins.

The 2650A-1 is a high speed version of the
2650A.

BLOCK DIAGRAM

FEATURES

Static 8-bit parallel NMOS micro-
processor

Single power supply of +5 volts

TTL level single phase clock

Standard 40 pin dual in-line package
TTL compatible inputs and outputs

75 variable length instructions of 1,2 or 3
bytes

32k byte address range

Coding efficiency with multiple address-
ing modes

Synchronous or asynchronous memory
and /0 interface

Interfaces directly with industry standard
memories

Single bit serial 1/0 path

Seven 8-bit addressable general purpose
registers

Vectored interrupt

Subroutine return address stack

2.4;s machine cycle time (2650A)

1.5us machine cycle time (2650A-1)

2650A-1 @ 2650A-1-|

PIN CONFIGURATION

IWA PACKAGE
sense [1 ] 40] FLAG
ADR 122 | [39] Vee
ADR 11 [Z [38] cLock
ADR 10 [Z [37] PAUSE
ADR 9 E E OPACK
aor s [ | [35] RUN/WAIT
ADR 7 [7 | [34] INTACK
ADR 6 8] [33] pBUS 0
ADR 5 [9 | [32] oBUS 1
ADR 4 [10 [31] oBus 2
bR 3 [17] [30] pBUS 3
ADR 2 E E DBUS 4
apR 1[13] 28] DBUS 5
ADR O [14 [27] bBUS 6
ADREN [15 [26] psUS 7
ReseT [16 [25] oBUSEN
INTREQ [17 [24] opREQ
ADR 14 - D/C [18 23] AW
ADR 13 - E/NE [19 [22] wap
M/io [20 [21] anD

STACK I ,
POINTER
PROGRAM
STATUS
U WORD
REGISTER
STACK
SUBROUTINE CONDITION
RETURN ALU CODE AND
ADDRESS BRANCH LOGIC
STACK
’_-‘
(N4
Sw
)| 2k
<@
3 C; N —
@ x < w
= = > oc
o z DATA BUS
3 o INSTRUCTION
@ o ADDRESS
-3 5 REGISTER
Q a
Q =
< =)
<]
1" e
OPERAND
ADDRESS
REGISTER HOLDING INSTRUCTION
e REGISTER REGISTER
ﬁ READ, DECODING
) WRITE, AND
aooRess contRoL INTERAUPT conTROL
TIMING
LOGIC
cLock
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PRELIMINARY SPECIFICATION

PIN DESIGNATION

2650A-1 ® 2650A-1-I

MNEMONIC | NUMBER NAME TYPE FUNCTION

ADRO-ADR12 14-2 Address lines (0] Low order memory address lines for instruction or operand fetch.
ADRQO is the least significant bit and ADR12 is the most significant
bit. ADRO through ADR?7 are also used as the I/O device address for
extended I/0O instructions.

ADR13-E/NE 19 Address 13- (0] Low order memory page address line during memory reference

Extended/Non Extended instructions. For I/O instructions this line discriminates between

extended and non-extended I/O instructions.

ADR14-D/C 18 Address 14- O High order memory page address line during memory reference

Data/Control instructions. It also serves as the 1/O device address for non-
extended 1/0 instructions.

ADREN 15 Address enable | Active low input allowing tri-state control of the address bus ADRO-
ADR12.

DBUS0-DBUS7 33-26 Data bus 1/0 These lines provide communication between the CPU, Memory,
and 1/0 devices for instruction and data transfers.

DBUSEN 25 Data bus enable I This active low input allows tri-state control of the data bus.

OPREQ 24 Operation request (0] Indicates to external devices that all address, data and control
information is valid.

OPACK 36 Operation acknowledge | Active low input indicating completion of an external operation.
This allows asynchronous functioning of external devices.

M/10 20 Memory/input-output (0] Indicates whether the current operation references memory or 1/0.

R/W 23 Read/Write O Indicates a read or a write operation.

WRP 22 Write pulse (0] This is a timing signal from the 2650 that provides a positive-going
pulse during each requested write operation (memory or|/O)and a
high level during read operations.

SENSE 1 Sense I The sense bit in the PSU reflects the logic state of the sense input to
the processor at pin #1.

FLAG 40 Flag O The flag bit in the PSU is tied to a latch that drives the flag output at
pin #40.

INTREQ 17 Interrupt request | This active low input line indicates to the processor that an external
device is requesting service. The processor will recognize this
signal at the end of the current instruction if the interrupt inhibit
status bit is zero. i

INTACK 34 Interrupt acknowledge (0] This line indicates that the 2650 is ready to receive the interrupt
vector (relative address byte) from the interrupting device.

PAUSE 37 Pause | This active low input is used to suspend processor operation atthe
end of the current instruction.

RUN/WAIT 35 Run/Wait (0] This output is a processor status indicator. During normal opera-
tion this line is high. If the processor is halted either by executinga
halt instruction or by a low input on the pause line, the run/wait line
will go low.

RESET 16 Reset | Resets the instruction address register to zero and clears the inter-
rupt inhibit bit.

CLOCK 38 Clock | A positive going pulse train that determines the instruction execu-
tion time.

Vce 39 +5V | +5V power

GND 21 GND | Ground
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FUNCTIONAL DESCRIPTION

The 2650 series processors are general
purpose, single chip, fixed instruction set,
parallel 8-bit binary processors. A general
purpose processor can perform any data
manipulations through execution of a
stored sequence of machine instructions.
The processor has been designed to closely
resemble conventional binary computers,
but executes variable length instructions of
one to three bytes in length.

The 2650 series contains a total of seven
general purpose registers, each eight bits
long. They may be used as source or desti-
nation for arithmetic operations, as index
registers, and for 1/0O transfers.

The processor can address up to 32,768
bytes of memory in four pages of 8,192
bytes each. The processor instructions are
one, two, or three bytes long, depending on
the instruction. Variable length instructions
tend to conserve memory space since a
one-or-two byte instruction may often be
used rather than a three byte instruction.
The first byte of each instruction always
specifies the operation to be performed and
the addressing mode to be used. Most in-
structions use six of the first eight bits for
this purpose, with the remaining two bits
forming the register field. Some instructions
use the full eight bits as an operation code.

The Data Bus and Address signals are tri-
state to provide convenience in system de-
sign. Memory and 1/0 interface signals are
asynchronous so that Direct Memory Ac-
cess (DMA) and multiprocessor operations
are easy to implement.

The block diagram for the 2650 series shows
the major internal components and the data
paths that interconnect them. In order for
the processor to execute an instruction, it
performs the following general steps:

1. The Instruction Address Register pro-
vides an address for memory.

2. The first byte of an instruction is fetched
from memory and stored in the Instruc-
tion Register.

3. The Instruction Register is decoded to
determine the type of instruction and the
addressing mode.

4. If an operand from memory is required,
the operand address is resolved and
loaded into the Operand Address Regis-
ter.

5. The operand is fetched from memory and
the operation is executed.

6. The first byte of the next instruction is
fetched.

The Instruction Register (IR) holds the first
byte of each instruction and directs the sub-
sequent operations required to execute

each instruction. The IR contents are de-
coded and used in conjunction with the tim-
ing information to control the activation and
sequencing of all the other elements on the
chip. The Holding Register is used in some
multiple-byte instructions to contain fur-
ther instruction information and partial ab-
solute addresses.

The Arithmetic Logic Unit (ALU) is used to
perform all of the data manipulation opera-
tions, including Load, Store, Add, Subtract,
And, Inclusive Or, Exclusive Or, Compare,
Rotate, Increment and Decrement. It con-
tains and controls the Carry bit, the Over-
flow bit, the Interdigit Carry and the Condi-
tion Code Register.

The Register Stack contains six registers
that are organized into two banks of three
registers each. The Register Select bit picks
one of the two banks to be accessed by
instructions. In order to accommodate the
register-to register instructions, register
zero (RO) is outside the array. Thus, register
zero is always available along with one set of
three registers.

The Address Adder is used toincrement the
instruction address and to calculate relative
and indexed addresses.

The Instruction Address Register holds the
address of the next instruction byte to be

2650A-1 @ 2650A-1-I

accessed. The Operand Address Register
stores operand addresses and sometimes
contains intermediate results during effec-
tive address calculations.

The Return Address Stack (RAS)isa LastIn,
First Out (LIFO) storage which receives the
return address whenever a Branch-to-
Subroutine instruction is executed. When a
Return instruction is executed, the RAS
provides the last return address for the
processor’s |IAR. The stack contains eight
levels of storage so that subroutines may be
nested up to eight levels deep. The Stack
Pointer is a three bit wraparound counter
that indicates the next available level in the
stack. It always points to the current ad-
dress.

PROGRAM STATUS WORD

The Program Status Word (PSW) is a major
feature of the 2650 which greatly increases
its flexibility and processing power. The
PSW is a special purpose register within the
processor that contains status and control
bits.

It is divided into two bytes called the Pro-
gram Status Upper (PSU) and Program Sta-
tus Lower (PSL). The PSW bits may be
tested, loaded, stored, preset, or cleared
using the instructions which affect the PSW.
The bits are utilized as shown in Table 1.

BYTE | MNEMONIC FUNCTION
PSUO,1,2 SP Pointer for the Return Address Stack.
PSU3,4 Not used. These bits are always zero.
PSU5 I Used to inhibit recognition of additional Interrupts.
PSU6 F Flag is a latch directly driving the flag output.
PSU7 S Sense equals the state of the sense input.
PSLO C Carry stores any carry from the high-order bit of ALU.
PSL1 COM Compare determines if a logical or arithmetic comparison is
to be made.
PSL2 OVF Overflow is set if a two’'s complement overflow occurs.
PSL3 wC With Carry determines if the carry is used in arithmetic and
rotate instructions.
PSL4 RS Register Select identifies which bank of 3 GP registers is
being used.
PSL5 IDC Inter Digit Carry stores the bit-3 to-bit-4 carry in arithmetic
operations.
PSL6,7 cC Condition Code is affected by compare, test and arithmetic
instructions.
PSU PSL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
S F I SP2 |SP1|SPO CC1|CCO|IDC| RS | WC |OVF|COM| C
S Sense CC1 Condition Code One
F  Flag CCO0 Condition Code Zero
Il Interrupt Inhibit IDC Interdigit Carry
SP2  Stack Pointer Two RS Register Bank Select
SP1  Stack Pointer One WC  With/Without Carry
SPO  Stack Pointer Zero OVF Overflow
COM Logical/Arithmetic Compare
C Carry/Borrow
Table 1 PROGRAM STATUS WORD

Sifnotics
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INPUT/OUTPUT INTERFACE

The 2650 series microprocessor has a set of
versatile 1/0 instructions and can perform
1/0 operations in avariety of ways. One-and
two-byte I/O instructions are provided, as
well as a special single-bit 1/0 facility. The
I1/0 modes provided by the 2650 are desig-
nated as Data, Control, and Extended 1/0.

Data or Control I/O instructions, also called
Non-Extended [/O instructions, are one
byte long. Any general purpose register can
be used as the source or destination. A
special control line indicates if either a Data
or Control instruction is being executed.

Extended 1/O is a two-byte read or write
instruction. Execution of an extended I/0
instruction will cause a 8-bit address, taken
from the second byte of the instruction, to
be placed on the low order eight address
lines. The data, which can originate or ter-
minate with any general purpose register, is
placed on the data bus. This type of I/O can
be used to simultaneously select a device
and send data to it.

Memory reference instructions that address
data outside of physical memory may also
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be used for I/0O operations. When an in-
struction is executed, the address may be
decoded by the I/O device rather than mem-
ory.

MEMORY INTERFACE

The memory interface consists of the ad-
dress bus, the 8-bit data bus and several
signals that operate in an interlocked or
handshaking mode.

The Write Pulse signal is designed to be
used as a memory strobe signal for any
memory type. It has been particularly opti-
mized to be used as the Chip Enable or
Read/Write signal.

INTERRUPT HANDLING
CAPABILITY

The 2650 series has a single level hardware
vectored interrupt capability. When an in-
terrupt occurs, the processor finishes the
current instruction and sets the Interrupt
Inhibit bit in the PSW. The processor then
executes a Branch to Subroutine Relative to
location Zero (ZBSR) instruction and sends
out Interrupt Acknowledge and Operation
Request signals. On receipt of the INTACK

Sinnetics
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signal the interrupting device inputs an 8-bit
address, the interrupt vector, on the data
bus. The relativé and relative indirect ad-
dressing modes combined with this 8-bit
address allow interrupt service routines to
begin at any addressable memory location.

INSTRUCTION SET

It may be seen from examination of the 2650
instruction set that there are many powerful
instructions which are all easily understood
and are typical of larger computers. There
are one-, two-, and three-byte instructions
as a result of the multiplicity of addressing
models. See Table 2 for a complete listing
and Block Diagram for instruction formats.

Automatic incrementing or decrementing of
an index register isavailable in the arithmet-
ic indexed instructions. All of the branch
instructions except indexed branching can
be conditional.

Register-to-register instructions are one
byte; register-to-storage instructions are
two or three bytes long. The two-byte
register-to-memory instructions are either
immediate or relative addressing types.
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MNE - OP CODE PSW BITS FOR
DESCRIPTION OF OPERATION R or CC AFFECTED .| NOTE
e 3 2 1 0 |CCIDC[CJoVFsP| 1l BYTES CYCLES MAT
il z Load register zero 03 02 01 — | o 1 2 Z 1
g LOD | Load immediate 07 06 05 04| o 2 2 | 1
- R | Load relative OB 0OA 09 08| e 2 3 R 16
g A| Load absolute OF OE 0D OC| o 3 4 A 6
<° Z | Store register zero C3C2C1 — | e 1 2 Z 1
4|STR {R| Store relative CB CA C9 Cs8 2 3 R 6
A | Store absolute CF CECDCC 3 4 A 6
Z | Add to register zero w/wo carry 83 82 81 80| ® | e | o o 1 D) Z 1
ADD | Add immediate w/wo carry 87 86 85 84| e | e | o | o 2 2 | 1
1) R | Add relative w/wo carry 8B 8BA 89 88| @ | e || o 2 3 R 16
- A | Add absolute w/wo carry 8F BEB8DSBC| e | o (o] o 3 4 A 1,6
w
= Z | Subtract from register zero A3 A2 A1 AO| ® | o | o @ 1 2 z 1
E w/Wo borrow
x|SUB § | Subtract immediate w/wo borrow A7 AB A5 A4| e | o | @ 2 2 | 1
< R| Subtract relative w/wo borrow AB AA A9 A8| o | o | @ 2 3 R 1,6
A | Subtract absolute w/wo borrow AF AEADAC| @ | o | o | o 3 4 A 1,6
DAR Decimal adjust register 97 96 95 94 | e 1 3 Z 1,10
Z | AND to register zero 43 42 41 — | o 1 2 Z 1
AND | AND immediate 47 46 45 44 | e 2 2 | 1
R| AND relative 4B 4A 49 48 | e 2 3 R 1,6
A AND absolute 4F 4E 4D 4C | o 3 4 A 1,6
= Z | Inclusive-OR to register zero 63 62 61 60 | ® 1 2 Z 1
= or ]! | Inclusive-OR immediate 67 66 65 64 | ® 2 2 I 1
a R| Inclusive-OR relative 6B 6A 69 68 | ® 2 3 R 1,6
- A Inclusive-OR absolute 6F 6E 6D 6C | ® 3 4 A 1,6
z Exclusive-OR to register zero 23 22 21 20| i 2 Z 1
EOR | Exclusive-OR immediate 27 26 25 24 | o 2 2 | 1
R| Exclusive-OR relative 2B 2A 29 28 | ¢ 2 3 R 1,6
A| Exclusive-OR absolute 2F 2E 2D 2C | * 3 4 A 1,6
Z| Compare to register zero E3 E2 E1 EO| * 1 2 74 2
l&-l arithmetic/logical
< | Compare immediate arithmetic/ E7 E6 E5 E4 | o 2 2 | 3
% COM logical
[e] R Compare relative arithmetic/ EB EA E9Q E8 | 2 3 R 3,6
g logical
= A Compare absolute arithmetic/ EF EEEDEC| 3 4 A 3,6
ﬁ logical
8 RRR Rotate register w/wo carry 53 52 51 50| ¢ | @ | o] @ 1 Z 1
RRL Rotate register left w/wo carry D3D2D1DO| e | e |e]| @ 1 Z 1
R| Branch on condition true 1B 1A 19 18 2 3 7,8
BCT [ relative
A Branch on condition true 1F 1E 1D 1C 3 3 B 7,8
absolute
R Branch on condition false — 9A 99 98 2 3 R 3
BCF ‘ relative
- = A Branch on condition false — O9E 9D 9C 3 3 B 7
2 absolute
< R| Branch on register non-zero 5B 5A 59 58 2 3 R 7,8
@ BRN ' relative
A Branch on register non-zero S5F SE 5D 5C 3 3 B 7,8
absolute
R Branch on incrementing DB DA D9 D8 2 3 R 7.8
BIR { register relative
A Branch on incrementing DF DE DD DC 3 3 B 7.8
register absolute
Table 2 INSTRUCTION SET SUMMARY
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MNE- OP CODE PSW BITS FOR- OTE
DESCRIPTION OF OPERATION R or CC AFFECTED N
MONI YTES CYCLES MAT*
i 3 2 1 0 [CC[IDC|C|OVF| sP| Il BETER
. R Branch on decrementing FB FA F9 F8 2 3 R 7.8
2| BDR { register relative
1 A Branch on decrementing FF FE FD FC 3 3 B 7.8
) register absolute
T |zBRR Zero branch relative, uncon- 8B - — — 2 3 ER 6
E ditional
g BXA Branch indexed absolute, 9F — — — 3 3 EB 5,6
unconditional
R Branch to subroutine on con- 3B 3A 39 38 ° = 3 R 7.8
BST [ dition true, relative
A Branch to subroutine on con- 3F 3E 3D 3C ° 3 3 B 7.8
> dition true, absolute
g R Branch to subroutine on con- — BA B9 B8 ° 2 3 R 4
E BSF { dition false, relative
o A Branch to subroutine on con- — BE BD BC ° 3 3 B 7
E dition false, absolute
Z R Branch to subroutine on non- 7B 7A 79 78 . 2 3 R 7.8
é BSN { zero register, relative
o A Branch to subroutine on non- 7F 7E 7D 7C ° 3 3 B 7.8
% zero register, absolute
’5 ZBSR Zero branch to subroutine BB — — — 2 3 ER 6
g relative, unconditional
g BSXA Branch to subroutine, indexed, BF — — — 3 3 EB 5,6
7] absolute unconditional
C Return from subroutine, con- 17 16 15 14 ° 1 3 Z 8
RET ‘ ditional
E Return from subroutine and 37 36 35 34 o | o 1 3 Z 8
enable interrupt, conditional
5| wrTD Write data F3 F2 F1 FO 1 2 z
& | REDD Read data 73 72 71 70| e 1 2 z 1
8 WRTC Write control B3 B2 B1 BO 1 2 Z
= | REDC Read control 33 32 31 30| ¢ 1 2 z 1
E WRTE Write extended D7 D6 D5 D4 2 3 |
Z | REDE Read extended 57 56 55 54| e 2 3 | 1
o | HALT Halt, enter wait state — — — 40 1 1 E
@ | NOP No operation — — — C0 q 1 E
2| ™I Test under mask immediate F7 F6 F5 F4 | 2 3 [ 4
LPS {U Load program status, upper 92 ° . 1 2 E
L Load program status, lower 93 o | e (e o 1 2 E 9
SPS {U Store program status, upper 12 ° 1 2 E 1
L Store program status, lower 13 ° 1 2 E 1
g U Clear program status, upper, 74 ° ° 2 3 El
=| CPS masked
ﬁ L Clear program status, lower, 75 o || w || o | 2 3 El 9
; masked
&t U Preset program status, upper, 76 ° L 2 3 El
o | PPS masked
g L Preset program status, lower, 77 . e | o o 2 3 El 9
a masked
U Test program status, upper, B4 (] 2 3 El 4
TPS masked
L Test program status, lower, B5 . 2 3 El 4
masked
*See Figure 1
Table 2 INSTRUCTION SET SUMMARY (Cont'd)
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NOTES

Condition code (CC1, CCO): 01 if positive, 00 if zero, 10 if negative.
Condition code (CC1, CC0): 01 if RO>r, 00if RO=r, 10if RO<r.

Condition code (CC1, CC0): 01 ifr>V,00ifr=V, 10ifr<V.

Condition code (CC1, CC0): 00 if all selected bits are 1s, 10 if not all the selected bits
are 1s.

Index register must be register 3 or 3.

Requires two additional cycles if indirection is specified.

Requires two additional cycles if indirection is specified and branch is taken
Specify CC = 11 for unconditional branch.

RS, WC and COM bits in PSW are also affected.

CC assumes number in register is a binary number.

> 9N

WO NOOC
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ADDRESSING MODES

OPERATION CODE R/V

(Z) REGISTER ADDRESSING

DATA MASK OR
OPERATIION CODE R BINARY VALUE
1

SYMBOLS

(1) IMMEDIATE ADDRESSING

RELATIVE DISPLACEMENT
OPERATION CODE i 64 DISPLACEMENT * 63
L 1

/ NN LN \

E
<

R - Register number

V - Value or condition

X - Index register number
| - Indirect bit

(R) RELATIVE ADDRESSING
*INDEX HIGHER ORDER
OPERATION CODE R/X | CONTROL ADDRESS LOWER ORDER ADDRESS
1 1 1 1
4 \ \ I\ 3 5 \
(A) ABSOLUTE ADDRESSING
(NON-BRANCH INSTRUCTIONS)
HIGHER ORDER ADDRESS
1
\
OPERATION CODE R/V 1 PAGE LOWER ORDER ADDRESS
'
] -, -\ N
(B) ABSOLUTE ADDRESSING
(BRANCH INSTRUCTION)
HIGHER ORDER ADDRESS
1
/ \
(UNUSED) PAGE LOWER ORDER ADDRESS
1
\

INDIRECT ADDRESSING

*INDEX CONTROL

OPERATION CODE
1
/ \ 00 - Non-indexed
01 - Indexed with auto-increment
(E) MISCELLANEOUS INSTRUCTIONS 10 - Indexed with auto-decrement
11 - Indexed only
Figure 1

Sifnotics
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER RATING UNIT
TA Operating temperature 0to 70 °C
Tsta Storage temperature -65 to +150 2C
Pp Package power dissipation2 1.6 W
All input, output, and supply =5 to+6 \
voltages with respect to GND3

DC ELECTRICAL CHARACTERISTICS

Ta =0°C to 70°C, Vcc = 5V £ 5%.

2650A-| @ 2650A-1-1

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

Current uA
liL Input load ViN = 0 to 5.25V 10
ILoH Output high leakage ADREN, DBUSEN = 2.2V Vourt = 4V 10
ILoL Output low leakage ADREN, DBUSEN =2.2V Vourt =0.45V 10

Voltage levels Vv
ViH Input high 22 Vce
ViL Input low -0.5 0.8
VoH Output high lon = -100uA 24
VoL Output low loL = 1.6ma 0.0 0.45
lcc Power supply current Vcec =5.25V Ta=0°C 150 mA

Capacitance pf
CiN Input VIN =0V 10
Cout Output Vout = 0V 10

NOTES

s

4.
5.

Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional operation
of the device at these or at any other condition above those indicated in the operation
sections of this specification is not implied.

. For operating at elevated temperatures the device must be derated based on +150°C

maximum junction temperature and thermal resistance of 50° C/W junction to ambient
(40 pin IW package).

. This product includes circuitry specifically designed for the protection of its internal

devices from the damaging effects of excessive static charge. However, itis suggested
that conventional precautions be taken to avoid applying any voltages larger than the
rated maxima.

Parameters valid over operating temperature range unless otherwise specified.

All voltage measurements are referenced to ground.

PRELIMINARY SPECIFICATION: Manufacturer reserves the right to make design and
process changes and improvements
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AC ELECTRICAL CHARACTERISTICS Ta=0°Cto+70°C, Vcc = +5V £ 5%.

2650A-1 ® 2650A-1-1

2650A 2650A-1
PARAMETER UNIT
Min Typ Max Min Typ Max
TcH Clock high phase 400 250 ns
TeoL Clock low phase 400 250 ns
Tcp Clock period 800 500 ns
ime5.7 2400 1500 ns

Trc Processor cycle.tlme STent 2Ton+ oTaH + oTon +
Tor OPREQ pulse width? Tel-100 ToL+50 |Te - 100 TeL 4+ 50 ns
TcoR Clock to OPREQ time ko 300 oL et e
Tas Address stable 50 50 ns
TaD Address delay 50 50 ns
Tcs Control signal stable 50 50 ns
Tois Data in setup 0 0 ns
ToH Data in hold 10 10 ns
Tob Data out delay 50 50 ns
Tos Data out stable 50 50 ns
Toas OPACK setup time 100 100 ns
ToaH OPACK hold time 150 150 ns
TwPD Write pulse delay 100 450 100 300 ns
Twpw Write pulse width? TcL-100 TeL TcL - 100 TcL ns
TIRS INTREQ setup time 150 150
TIRH INTREQ hold time 0 0
TABD Address bus tri-state delay 180 180 ns
TosD Data bus tri-state delay 150 150 ns

NOTES

1. Input levels swing between 0.80 and 2.2 volts.

2. Input signal transition times are 20ns.

3. Timing reference level is 1.5 volts.

4. Output load is -100uA at 100pF and 1 TTL load.

5. Processor cycles time consists of three clock periods.

6. Output buffer rise time is 150ns maximum.

7. These values assume that OPACK is returned in time to not cause the processor to

idle. Otherwise, the specified maximum will increase by an integral number of clock

cycles.

PRELIMINARY SPECIFICATION: Manufacturer reserves the right to make design and
process changes and improvements

sifnotics

143




PRELIMINARY SPECIFICATION

VOLTAGE WAVEFORMS

2650A-1 @ 2650A-1-|

|

Tee

'._TCN_.l.__VCL‘.‘

READ TIMING

cLock | e l
-

T1 | | T2 | I To |
Tor

|
ra \

OPREQ
st TAD | TA: == Tas "—
ADRO-
ADR 14
Tes |e———— Tcs —
wio X

DATA IN

=

—

ToaH

Toas i

OPACK

_

WRITE TIMING

—*| Tcor ToR
4
OPREQ /
—| Tap —————Tas -—us*‘
ADRO
ADR 14
| e—— T g Tes
wio X Y
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o TwpD
SN
WRP

[

—-—»YDDI

— r,,si._

DBUS0-7 X

OPACK

10.5_.1—-._1._ .
/..

144

Sifnotics




PRELIMINARY SPECIFICATION

VOLTAGE WAVEFORMS

(Cont'd)

2650A-1 ® 2650A-1-1

INTERRUPT TIMING

84

[ ™1

— o "ria }._

OPREQ

B

ADR13-E/NE, ADR14-D/C

M/io

INTACK

Tcs

—= Tcs

= ToiH

Tois —’\

DATAIN

A__X

NOTE: See READ TIMING for additional information.

INTERRUPT VECTOR

TRI-STATE TIMING

._TABD_.I

SIGNALS VALID

4_7(;50_..‘

SIGNALS VALID
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DESCRIPTION

SC/MP (Simple Cost-effective MicroProc-
essor) is a single-chip 8-bit microprocessor
packaged in a standard, 40-pin, dual-in-line
package.

N-channel, silicon gate, depletion mode
standard-process technology ensures high
performance, high reliability, and high
producibility.

SC/MP is intended for use in general-
purpose applications where cost per func-
tion is a most significant criterion. But cost
efficiency is only a part of SC/MP’s story. It
goes on to include a variety of useful func-
tions that are not even provided by some of
the expensive microprocessors, like self-
contained timing circuitry, 16-bit (65K) ad-
dressing capability, serial or parallel data-
transfer capability and common
memory/peripheral instructions. The built-
in features in conjunction with the low initial
cost describe what SC/MP really is—a mi-
croprocessor specifically designed to pro-
vide the simplest and most efficient solution
to many application requirements.

APPLICATIONS

Test systems and instrumentation
Machine tool control
Small business machines
Word processing systems
Educational systems
Multiprocessor systems
Process controllers
Terminals

Traffic controls
Laboratory controllers
Sophisticated games
Automotive

ABSOLUTE MAXIMUM RATINGS*

® ®© o o & © & & © 0 o o

FEATURES
e Simpler interfacing
e Bidirectional Tri-state 8-bit data bus
e TTL-compatible input/output inter-
face
e Si-gate N-channel ion-implant process
¢ Direct Memory Access (DMA) and multi-
processor capabilities
® Handshake bus-access control on
chip
e Simplified programming
e Multiple addressing modes—
program-counter-relative, immediate
data, indexed, auto-indexed, and im-
plied
® Direct control output
e Three user-accessible control-flag
outputs
e Simpler I/0 hardware
e Separate serial-data input and output
ports
e Two sense inputs
® Directinterfacing to standard memory
parts
e Simplified timing hardware
e On-chip clock generator
® |nterface flexibility
e Capability to interface with memories
or peripherals of any speed
® Large system capability
® Address capability to 65K bytes of
memory
e Simplified power requirements
® Single 5-volt supply
e Low power

ISP-8A/600-|

PIN CONFIGURATION

IWA PACKAGE
Nwos [1] 40] Vee
NRDS [7] 39] NADS
NENIN [3 | [38] xout
NENOUT [4 ] [37] xin
NBREQ [5 | [36] AD11
NHOLD [6 | [35] aD10
NRST [7 ] [32] aD0g
conT 8] 53] ADos
os7 [9] [32] apo7
D86 [10 [31] AD0s
085 [11] 130] ADOS
oea [12] [29] AD04
o83 [13 28] AD03
082 [14] [27] AD02
pe1[15 [26] AD01
8o [16 [25] Anoo
SENSE-A [17 [24] siN
SENSE-B [15] 23] sout
FLAG-0 [19 [22] FLAG-2
GnD [20 [21] FLAG-1

BLOCK DIAGRAM

PARAMETER RATING UNIT
Voltage at any pin -0.5to0 +7.0 \'
Ta Operating temperature range 0to+70 °C
Tste Storage temperature range -65 to +150 &
Lead temperature +300 °C
(solder,10sec)
*NOTE

Maximum ratings indicate limits beyond which damage may occur. Continuous opera-
tion at these limits is not intended and should be limited to those conditions specified

under electrical characteristics.
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DC ELECTRICAL CHARACTERISTICS Ta=0°Cto +70°C, Vcc = +5V +5%

ISP-8A/600-I

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

INPUT SPECIFICATIONS
All input pins except Vcc and GND

Logic “1” input 2.0 Vce \%

Logic “0” input -05 0.8 v
Capacitance

(All pins except Vcc and GND) 10 pF
Supply current

lcc Ta = 25°C outputs unloaded 45 mA

Ta = 0°C outputs unloaded 50 mA

OUTPUT SPECIFICATIONS
TRI-STATE pins (NWDS, NRDS,

DBO0-DB7, AD00-AD11)

Logic “1” output lout = -100uA 24 Vv

Logic “0” output lout = 2.0mA 04 Vv
NADS, FLAG 0-2, SOUT, NENOUT

Logic “1” output lout = -100xA Vce = 1 \"

Logic “1” output lout = -1mA 1.5 Vv

Logic “0” output louT = 2.0mA 0.4 Y
NBREQ1

Logic “0” output lout = 2.0mA 0.4 Y

Logic “1” output 0 < Vour < Vce +10 A
XOouT

Logic “1” output lout = -100LA 24 \Y

Logic “0” output lout = 1.6mA 0.4 Vv

FUNCTIONAL DESCRIPTION
SC/MP is a self-contained general-purpose
microprocessor designed for ease of imple-
mentation in stand-alone, DMA (Direct
Memory Access), and multiprocessor appli-
cations. Communications between SC/MP
and external memory/peripheral devices
are effected via a 12-bit dedicated address
bus and an 8-bit bidirectional data bus.
During the address interval of each input/
output cycle, SC/MP employs both buses to
provide a 16-bit address output: the 12 least
*NOTE

significant address bits are sent out over the
12-bit address bus and the 4 most signifi-
cant address bits are sent out over the 8-bit
data bus along with 4 status bits. Separate
strobe outputs from SC/MP (NADS, NWDS,
NRDS) indicate when valid address infor-
mation is present on the two buses, and
when valid input/output memory or peri-
pheral data are present on the 8-bit bus. To
further extend flexibility of application, seri-
al data input/output ports are also provided

NBREQ is an input/output signal that requires an external resistor to Vcc

SilNOtiCS

so that serial data transfers can be effected
under program control. The remaining in-
put/output signals shown in the Detailed
Block Diagram are dedicated to general-
purpose control and status functions, in-
cluding initialization, bus management,
microprocessor halt, interrupt request, in-
put/output cycle extension, and user-
specified hardware/software interface func-
tions. A detailed description of each
input/output signal is provided in Table 1.
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DETAILED BLOCK DIAGRAM

4 MSB 12 BIT
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| L
] [ ] | 1| | = ] [
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(HIGH) (LOW)
POINTER REGISTER 3 POINTER REGISTER 3
(HIGH) (LOW)

L] 4-BIT BUS TRANSFER
INCREMENTER AND SHIFT
XIN D— OSCILLATOR )l ACCUMULATOR I >

AND .

| TIMING GEN
xouT @ SIN
EXTENSION
NBREQ D— REGISTER
BUS
ACCESS NENIN D—
NENOUT D——-
NHOLD D__._ 110
CONTROL
DATA naos [ >———
10
NWDS |1 >
NRDS D STATUS

REGISTER

SENSE A/
INTERRUPT

SENSE B

—@ souT
—<

.‘ﬂ -
I

I

GATING AND

——»‘ﬂ FLAG 0
FUNCTION

CONTROL @ ELAG 1
CONT .—D
INSTRUCTION :> —>@ FLAG 2

DECODE )
AND 1/0 STATUS

CONTROL @BITs)

INSTRUCTION DATA I/0
REGISTER REGISTER

8-BIT DATA I/0
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AC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vo = +5V £5%, 1 TTL Load.!-3

ISP-8A/600-I

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
fx 0.1 4.0 MHz
R = 2400 + 5% (Figure 2B) 2.0 4.0 MHz
C = 300pF £10%
Tc2 500 ns
Microcycle 1 us
External clock input See Figure 2A ns
Two 120
Twi 120
XOUT/ADS timing relationship See Figure 3 ns
TH(ADS) 100 225
Address and input/output status See Figures 5 and 6 ns
Tp1(ADS) 3Tc/2
Tw(ADS) (Tc/2)-50
Ts(ADDR) (Tc/2)-165
TH(ADDR) 50
Ts(STAT) (Tc/2)-150
TH(STAT) 50
THINBREQ) 0
Data input cycle See Figure 5 ns
Tp(RDS) 0
Tw(RDS) Tc + 50
Ts(RD) 175
TH(RD) 0
Tacc(RD) 2Tc - 200
Data output cycle See Figure 6 ns
Tp(WDS) Tc - 50
Tw(WDS) Tc-75
Ts(WD) (Tc/2)-200
THWD) 100
Input/output cycle extend See Figure 7 ns
Ts(HOLD) 200
Tp1(HOLD) 130 275
Tp2(HOLD) 350
Tw(HOLD) ©
TH(HOLD) 0
Bus access See Figure 4 ns
To(NENOUT) 150
Tp2(ADS) Tc/2 3Tc/2
TH(NENIN) 0
Output load capacitance pF
XOouT 30
All other output pins 75
NOTES
1. All times measured from valid Logic “0” level = 0.8V or valid Logic “1" level =2.0V.
2. Tcisthetime period fortwo clock cycles of the on-chip or external oscillator (T¢ =2/fx)
Refer to paragraph titled Timing Control for detailed definition
3. All times measured with a 50% duty cycle on the external clock.
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PIN DESIGNATIONS*

SIGNAL
MNEMONIC FUNCTIONAL NAME DESCRIPTION
NRST Reset input Set high for normal operation. When set low, aborts in-process opera-
tions. When returned high, internal control circuit zeroes all
programmer-accessible registers; then, first instruction is fetched from
memory location 00011s.
CONT Continue input When set high, enables normal execution of program stored in external

memory. When set low, SC/MP operation is suspended (after comple-
tion of current instruction) without loss of internal status.

NBREQ Bus request input/output Associated with SC/MP internal allocation logic for system bus. Can be
used as bus request output or bus busy input. Requires external load
resistor to Vce.

NENIN Enable input Associated with SC/MP internal allocation logic for system bus. When
set low, SC/MP is granted access to system buses. When set high,
places system buses in high-impedance (Tri-state) mode.

NENOUT Enable output Associated with SC/MP internal allocation logic for system bus. Set low
when NENIN is low and SC/MP is not using system buses (NBREQ-
high). Set high at all other times.

NADS Address strobe output Active-Low strobe. While low, indicates that valid address and status
output are present on system buses.
NRDS Read strobe output Active-Low strobe. On trailing edge, data are input to SC/MP from 8-bit

bidirectional data bus. High-impedance (Tri-state) output when in-
put/output cycle not in progress.

NWDS Write strobe output Active-Low strobe. On trailing edge, data are input to SC/MP from 8-bit
bidirectional data bus. High-impedance (Tri-state) output when in-
put/output cycle not in progress.

NHOLD Input/ouput cycle extend input When set low prior to trailing edge of NRDS or NWDS strobe, stretches
strobe to extend input/output cycle; that is, strobe is held low until
NHOLD signal is returned high.

SENSE A Sense/interrupt request input Serves as interrupt request input when SC/MP internal IE (Interrupt
Enable) flag is set. When |E flag is reset, serves as user-designated sense
condition input. Sense condition testing is effected by copying status
register to accumulator.

SENSE B Sense input User-designated sense-condition input. Sense-condition testing is
effected by copying status register to accumulator.
SIN Serial input to E register Under software control, data on this line are right-shifted into E register
by execution of SIO instruction.
SOuUT Serial output from E register Under software control, data are right-shifted onto this line from E

register by execution of SIO instruction. Each data bit remains latched
until execution of next SIO instruction.

FLAGS Flag outputs User-designated general-purpose flag outputs of status register. Under
0, 1,2 program control, flags can be set and reset by copying accumulator to
status register.

ADOO- Address bit 00 through Twelve Tri-state address output lines. SC/MP outputs 12 least signifi-
AD11 address bit 11 cant address bits on this bus when NADS strobe is low. Address bits are

then held valid until trailing edge of read (NRDS) or write .(NWDS)
strobes. After trailing edge of NRDS or NWDS strobe, bus is set to high-
impedance (Tri-state) mode until next NADS strobe.
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PIN DESIGNATIONS! (Contd
MNEMONIC FUNCTIONAL NAME DESCRIPTION
Qutput at NADS Time 234

DBO Address Bit 12 Fourth most significant bit of 16-bit address.

DB1 Address Bit 13 Third most significant bit of 16-bit address.

DB2 Address Bit 14 Second most significant bit of 16-bit address

DB3 Address Bit 15 Most significant bit of 16-bit address.

DB4 R-Flag When high, data input cycle is starting; when low,
data output cycle is starting.

DB5S |1-Flag When high, first byte of instruction is being fetched.

DB6 D-Flag When high, indicates delay cycle is starting; that is,
second byte of DLY instruction is being fetched.

DB7 H-Flag When high, indicates that Halt instruction has been
executed. (In some system configurations, the H-Flag output
is latched and, in conjunction with the Continue input,
provides a programmed Halit.)

NOTES

1. The 8-bit bidirectional data bus is set to the high-impedance (tri-state) mode except
when it is actually in use by SC/MP (NADS, NRDS, or NWDS low). During the
addressing interval of each input/output cycle (NADS low), SC/MP provides address
and status outputs over the bus. During the ensuing data-transfer interval (NRDS or
NWDS low), 8-bit input or output data bytes are routed over the bus

2. The DBO through DB7 (AD12-HFLG) lines are a high-impedance (open circuit) load
when SC/MP does not have access to the input/output bus.

3. Input at NRDS time: Input data are expected on the eight (DB0-DB7) lines.

4. Output at NWDS time: Output data are valid on the eight (DB0-DB7) lines.

DRIVERS AND RECEIVERS

Equivalent circuits for SC/MP drivers and
receivers are shown in Figure 2. All inputs
have static charge protection circuits con-
sisting of an RC filter and voltage clamp.
These devices still should be handled with
care, as the protection circuits can be de-
stroyed by excessive static charge.

SC/MP-1I DRIVER AND RECEIVER
EQUIVALENT CIRCUITS

RECEIVER DRIVER

_ INPUT T
- paoreihion T A B

GND
Figure 2

TIMING CONTROL

All necessary timing signals are provided by
a three-stage inverter ring oscillator con-
tained on the SC/MP chip. Two control pins,
XIN and XOUT, permit the frequency of the
oscillator to be controlled by any of the
following methods:

1. By leaving the XOUT pin unterminated
and driving the XIN pin with an externally
generated TTL clock that conformsto the
parameters shown in Figure 3A. For this
method, the frequency of the oscillator is
equalt to the frequency of the external
clock input.

2. By connecting a resistor-capacitor feed-
back network between the XIN and XOUT
pins and GND as shown in Figure 3B.

3. By connecting a crystal with low-pass
filter network between the XIN and XOUT
pins and GND as shown in Figure 3C (for
above 1MHz or Figure 3D (for 1MHz or
below). For this method, the frequency of
the oscillator is equal to the resonant
frequency of the crystal and the low-pass
filter prevents unwanted harmonic oscil-
lations.

Sinnotics

In addition to illustrating appropriate
frequency-control networks for the on-chip
oscillator, Figures 3A through 3D also show
how an optional driver may be used to
derive a system clock from the oscillator
signal present at the XOUT pin. For refer-
ence purposes, the timing relationship be-
tween the XOUT signal and the NADS
strobe is shown in Figure 5.

In the discussions that follow, instruction
execution and input/output timing are de-
scribed in terms of microcycles.

The time interval of a microcycle is four
times the period of the oscillator, that is:

period of one microcycle = 2T¢
1 1 1
Tc=2 —):2(—)=2 .
fOSC fres f)(IN
Where:

Tc = time period for two cycles of on-chip or
external oscillator
fosc = frequency of on-chip oscillator
fres = resonant frequency of crystal connected
between XIN and XOUT pins
fxin = frequency of external clock applied to
XIN pin
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DRIVER
EXTERNAL

cLock N

OPTIONAL
DRIVER SCIMP

OPTIONAL it

SYSTEM — — — — q{ - —— XOuT
cLocK N

External Clock Parameters

iy
-4
—

a. External Clock Input

sc/mp
XIN xout
Rp
OPTIONAL
DRIVER
»
b s =
»" opTIONAL
ATAL SYSTEM
Ry CLOCK
I

c.Crystal with Low-Pass Filter
(Above 1MHz)

TIMING DIAGRAMS

SUGGESTED VALUES FOR CRYSTAL WITH LOW-PASS FILTER NETWORK.

SC/MP
XIN XouT
OPTIONAL
DRIVER
R R N OPTIONAL
~ Y» - - SYSTEM
e cLock

I-- I
NOTE: 100 <R < 2K
b. Resistor-Capacitor Feedback

Network

SC/MP

XIN XouTt

OPTIONAL
DRIVER
LN
*" OPTIONAL
SYSTEM
CLOCK

d.Crystal with Low-Pass Filter
(1MHz or Below)

Crystal Rp Ci R1
2MHz 100k 56pF 1k
3.58MHz 100k 27pF 1kQ NOTE XTAL is parallel resonant with
4MHz 100k ) 27pF 1KQ maximum series resonance
equal to 1k}
Figure 3

FREQUENCY CONTROL NETWORKS
FOR ON-CHIP OSCILLATOR

Typical Osillator Frequency
vs RC Time Constant

2000

1800

1600 /

-
=
= 1400
= 1200 /
I
z
S 1000
(3] /
g 800 %
=
© 600 ,/
400 /

7’

n
=3
3

0
0 02 04 06 08 10 12 14 16 18 20
CLOCK PERIOD (1/fgy;)

Figure 4

XOUT/NADS TIMING RELATIONSHIP

XouT

_.' yh TH(ADS)

NADS

Figure 5

INSTRUCTION FORMAT

The SC/MP instruction repertoire includes
both single-byte and double-byte instruc-
tions. A single-byte instruction consists of
an 8-bit operation code that specifies an
operation that SC/MP can execute without
further reference to memory. A double-byte
instruction consists of an 8-bit operation
code and an 8-bitdata or displacement field.
When the second byte represents a data
field, the data are processed by SC/MP
during execution of the instruction, thereby
eliminating the need for further memory
references. When the second byte repre-
sents a displacement value, it is used to
calculate a memory address that will be
accessed (written into or read from) during
execution of the instruction (refer to Ad-
dressing).

DATA STORAGE

As shown in the Detailed Block Diagram,
SC/MP provides ten internal registers, se-
ven of whivh are accessible to the program-
mer. The purpose and function of these
registers are described below.

152

Program Counter—The program counter is
a 16-bit register that contains the address of
the instruction being executed. The con-
tents of this register are automatically incre-
mented by one just before each instruction
is fetched from memory to enable sequen-
tial execution of the stored instructions.
Under program control, the contents of this
register also may be modified or exchanged
with the contents of a pointer register to

effect subroutine calls and program
branches.
NOTE

The 16-bit address output of the program counter consists
of a 4-bit high-order address and a 12-bit low-order
address. When the program counter is incremented at the
start of each instruction fetch input/output cycle, only the
12 low-order bits are affected; no carry is provided to the 4
high-order bits. For systems employing memories of 4K or
less, the high-order bits can be ignored as they are set to
000016 following initialization. For systems employing
larger memories, the contents of a pointer register can be
modified to select the desired 4K block of memory.

Pointer Registers—The pointer registers
are 16-bit general-purpose registers that
normally are loaded under program control
with reference addresses that serve as page

Sifnotics

pointers, stack pointers, and subroutine
pointers. In applications having minimal
memory addressing requirements, these
registers may be used alternately as data
storage registers.

NOTE

When interrupt requests are enabled, pointer register 3 is
automatically referenced by the internal microprogram for
formation of the starting address of the user-generated
interrupt service routine. (See Figure 10.) In this case, the
contents of pointer register 3 must be set to one less than
the memory location of the first instruction in the interrupt
service routine.

Accumulator—The 8-bit accumulator (AC)
is the primary working register of SC/MP. It
is used for performing and storing the re-
sults of arithmetic and logic operations as
well as for data transfers, shifts, rotates, and
data exchanges with the program counter,
the pointer registers, and the status register.

Extension Register—The extension register
is used both for serial input/output data
transfers and with the accumulator to effect
arithmetic, logic, and data-transfer opera-
tions. If the second byte of an indexed or
auto-indexed memory reference instruction



(refer to Addressing) equals -1281p, the
contents of the extension register are used
as the displacement value for address for-
mation.

Status Register—The status register pro-
vides storage for arithmetic, control, and
software status flags. For more detailed
information on the function of this register,
refer to Status Register under the descrip-
tion of the Arithmetic and Logic Unit.

Instruction Register—The 8-bit instruction
register is not accessible to the program-
mer. During the fetch phase of each instruc-
tion cycle, this register is loaded with the 8-
bit instruction operation code retrieved
from memory (for a single-byte instruction
or the first byte of a double-byte instruc-
tion).

Data Input/Output Register—The data in-
put/output register is not accessible to the
programmer. It is used for temporary stor-
age of all input/output data received via or
transmitted over the 8-bit bidirectional data
bus during the data-transfer interval of each
input/output cycle (NRDS or NWDS low).

Address Register—The 16-bit address reg-
ister is not accessible to the programmer. It
is used for temporary storage of the 16-bit
address transmitted during an input/output
cycle.

ARITHMETIC AND LOGIC UNIT

The Arithmetic and Logic Unit (ALU) pro-
vides the data-manipulation capability that
is an essential feature of any microproces-
sor. The operations provided by the ALU
include OR, XOR, increment, decrement,
binary addition, and decimal addition. For
decimal addition, the data inputstothe ALU
are treated as two 4-bit BCD digits, thereby
eliminating the program-storage and exe-
cution time required to perform BCD to
binary conversion.

BUS TRANSFER LOGIC

The bus transfer logic processes the gating
and function control outputs of the
instruction-decode logic to provide the
shift-right (with link, without link, or with
serial input data), rotate (with or without
link), and bus-exchange functions neces-
sary for data movement between the SC/MP
internal read and write buses. A general
summary of the data-manipulation capabili-
ties available to the programmer follows.

1. Either the low-order or the high-order
byte of any pointer register can be ex-
changed with the contents of the 8-bit accu-
mulator. Thus, data exchanges between the
pointer registers can be effected one byte at
a time via the accumulator.

2. The contents of the program counter can
be directly exchanged with the contents of
any pointer register.

3. The contents of the extension register
can be loaded into the accumulator or can
be exchanged with the contents of the accu-
mulator. When the accumulator is loaded
from the extension register, the original
contents of the accumulator are lost.

4. The contents of the status register can be
copied into the accumulator to enable sta-
tus modification or conditional branch test-
ing. When the status register is copied into
the accumulator, the contents of the status
register are not altered but the original
contents of the accumulator are lost.

5. The contents of the accumulator can be
copied into the status register to change the
outputs of the status register, except for
status bits 4 and 5 (Sense A and B inputs to
SC/MP). Since these are read-only bits, they
are not affected by data movements internal
to SC/MP. Copying the accumulator into
the status register does not alter the con-
tents of the accumulator.

NOTE

The flag 0, 1, and 2 outputs of the status register serve as
latched flags, in other words, they are set to the specified
state when the contents of the accumulator are copied into
the status register, and they remain in the specified state
until the contents of the status register are modified again
under program control

STATUS REGISTER

The function of each bit in the status regis-
ter is described briefly below.

7 6 5 4 3 2 1 0
CY/L|OV| Se| Sa | IE [F2 | F1 | Fo

User Flag 0—User-assigned general-pur-
pose status bit for implementation as soft-
ware status bit or in system control applica-
tions. This status bit is available as an
external output from SC/MP.

User Flag 1—Same as User Flag 0.
User Flag 2—Same as User Flag 0.

Interrupt Enable Flag—Internal status bit
that is set and reset under program control.
When set, SC/MP recognizes external inter-
rupt requests received via Sense A input.
When reset, inhibits SC/MP from recogniz-
ing interrupt requests.

Sense A—General purpose status input for
sensing external conditions. When I|E flag is
reset, this bit can be tested by copying
status register to accumulator. When IE flag
is set, this bit serves as interrupt request
input causing SC/MP to automatically
branch to user-generated interrupt-service
routine in response to high input.

Sifnotics
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Sense B—Same as Sense A except that itis
not tested for interrupt status.

NOTE

Sense A and B inputs are read-only bits. Thus, they are not
affected when the contents of the accumulator are copied
into the status register.

Overflow (OV)—This bit is set if an arithme-
tic overflow occurs during an add (ADD,
ADI, or ADE) or a complement-and-add
instruction (CAD, CAIl, or CAE). It is not
affected by the decimal-add instructions
(DAD, DAI, or DAE).

Carry/Link (CY/L)—This bit is set if a carry
from the most significant bit occurs during
an add, complement-and-add, or decimal-
add instruction. Thus, it serves as a carry
input to the next add instruction. In addi-
tion, itisincluded in the Shift Right with Link
(SRL) and Rotate Right with Link (RRL) in-
structions.

CONTROL

The operation of the SC/MP microproces-
sor consists of repeatedly accessing or
fetching instructions from the program
stored in external memory and executing
the operations specified by the instructions.
These two steps are carried out under the
control of an internal microprogram.
(SC/MP is not user-microprogrammable.)
The microprogram is similar to a state table
specifying the series of states of system
control signals necessary to carry out each
instruction. Microprogram storage is pro-
vided in the instruction decode and control
logic, and microprogram routines are im-
plemented to fetch and execute instruc-
tions. The fetch routine first increments the
program counter, and then causes the in-
struction address to be transferred from the
program counter to the system buses viathe
output address register. The microprogram
next initiates an input data transfer. When
the instruction operation code is subse-
quently placed on the 8-bit data bus (single-
byte instruction or first byte of double-byte
instruction), the operation code is loaded
into the instruction register. The operation
code is then partially decoded to determine
whether the instruction contains a second
byte. If it does, a second input data transfer
is effected to load the next byte in the data
input/output register.

After the complete instruction is stored in
the instruction and/or data input/output
register(s), the instruction decoder trans-
forms the instruction operation code into
the address of the appropriate instruction-
execution routine contained in the internal
microprogram. The microprogram then
branches to the specified internal address
to initiate execution of the instruction. The
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resulting execution routine comprises one
or more microinstructions that implement
the required functions. For example, the
first microcycle of an Extension Register
Add Instruction (ADE) causes the contents
of the extension register to be gated onto
the read bus, transferred to the write bus via
the bus control logic, and then written into
the data input/output register. The next
microcycle causes the contents of the accu-
mulator to be gated onto the read bus, the
contents of the read bus to be added to the
contents of the data input/output register
via the ALU, and the resultant output of the
ALU to be written into the accumulator via
the write bus. The final step of the execution
routine is a jump back to the fetch routine to
access the next instruction.

INITIALIZATION

Since SC/MP may power up in a random
condition, the following power-up and in-
itialization procedure is recommended.

1. Apply power (GND and Vcc) and set
NRST low.

NOTE

Allow ample time (typically, 250ms) for the oscillator and
the internal clocks to stabilize. In systems where NRST is

set low after turning on power, NRST must remain low fora
minimum of 4Tc. While NRST is low, any in-process
operations are aborted automatically. When NRST is low,
strobes and address and data buses are in the Non-I/O
state (high-Z state).

2. Set NRST high. If the rise time of this
input is too slow, the processor, first, will
initialize and execute a few instructions and,
then, will reinitialize. If the application is
such that multiple initialization is undesire-
able, NRST should be brought high at a
minimum rate of 2 volts per microcycle.

NOTE

This causes the SC/MP internal control circuit to set the
contents of all programmer-accessible registers to zero.
Thus, when SC/MP is granted access to the system buses
following initialization, the first instruction is fetched
always from memory location 00011s. The NBREQ output
goes low, indicating the start of this input/output cycle; this
occurs at a time within 13T¢ after NRST is set high. Normal
execution of the program continues as long as NRST
remains high.

PARALLEL DATA TRANSFERS

Parallel data transfers occur during each
instruction fetch and during the ensuing
read/write cycle associated with execution
of the memory-reference instructions. This
class of instruction could perhaps more
properly be called the “Input/Output Refer-
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ence Class” in the case of the SC/MP micro-
processor, since all data tranfers, whether
with memory, peripheral devices, or a cen-
ral processor data bus, occur through the
execution of these instructions. This unified
bus structure is in contrast with many other
microprocessors and minicomputers that
have one instruction type (input/output
class) for communication with peripheral
devices and another instruction type (mem-
ory reference class) for communication with
memories. The advantage of the approach
taken by SC/MP is that a wider variety of
instructions (the entire memory-reference
class) is available for communications with
peripherals. Thus, the LD and ST (Load and
Store) instructions can be used for basic
transfers, the ILD and DLD (increment/de-
crement and load) instructions can be used
for indexing peripheral registers, and the
remaining memory reference instructions
can be used, as required, for “one-step”
retrieval and processing of peripheral input
data.

BUS UTILIZATION

The bus utilization of SC/MP is shown in
Table 2.

INSTRUCTION

. [ 1 2 3 a

SCL.CCL, CSA, RR, RRL,
SR, SRL, AND SIO | l [ [ |

LDE, ANE, ORE, XRE,
CAS, IEN, AND DINT

XAE, XPPC, AND ADE
DAE

|
|
|
|

HALT

l
I
CAE, XPAH, AND XPAL |
|
|

JP. JZ. AND UNZ
(NO JUMP) | ]

mOUOoONTO

JMP. JP, JZ, AND UNZ Eiad
(DO JUMP)

ADI

LDI, ANI. ORI, AND XRI

ITOS4m™

CAl

DAI

ST

DLD AND ILD

|
|
|
!
LD, AND, OR, XOR l
!
l
|
|
l

DLY (MINIMUM)

TIME IN MICROSECONDS

mgoon vo ma<®@ QYZOOM®

IO0O-mm

24 25 26

BUS UTILIZATION INTERVAL

READ CYCLE WITH H-FLAG
QUTPUT

OPERAND STORE

BUS NOT RELEASED DURING
THIS TIME

Table 2 BUS UTILIZATION OF EACH INSTRUCTION
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NBREQ, NENIN, and NENOUT are active
and bus access is controlled as shown in
Figure 5. If NENIN is returned high during
an input/output cycle, the input/output cy-
cle is repeated when NENIN is again re-
turned low.

During an ILD or DLD instruction, SC/MP
does not relinquish the bus between the
loading of the data and the storing of the
modified data. If NENIN is brought high
after the data have been loaded, the load
portion of the cycle is not repeated when
NENIN is returned low.

BUS ACCESS

Before SC/MP can initiate parallel data
transfers with memory or peripheral de-
vices, it must have access to the system
address and data buses. Three of the
SC/MP input/output signals are associated
with bus control: NBREQ, NENIN, and
NENOUT. For simple stand-alone applica-
tions, the NENOUT signal can be ignored
and the NENIN signal can be tied to GND to
allow the SC/MP microprocessor to have
continual access to the system buses. The
NBREQ input/output line then goes low
during each input/output cycle as shown in
Figures 6 and 7 to indicate when SC/MP is
actually using the system buses.

NOTE

The NBREQ input/output line must be tied to Vcc via an
external load resistor to allow normal operation of the
SC/MP microprocessor.

For DMA and multiprocessor applications,
the NBREQ, NENIN, and NENOUT signals
can be interconnected in various configura-
tions to allow bus access to be granted to
requesting devices according to user-
specified priorities. Figure 5 illustrates the
general sequence in which these signals are
processed by SC/MP to gain access to the
system buses and to indicate when the
buses are actually being used.

INPUT/OUTPUT CYCLE

Once SC/MP has control of the system
buses, the actual input/output cycle begins.
Asshownin Figures6and 7, the functions of
memory addressing, data reading, and data
writing are implemented, respectively, by
the address strobe (NADS), the read strobe
(NRDS), and the write strobe (NWDS). Note
that the NBREQ signal is reset high at the
end of the input/output cycle to indicate
that the system buses are now free for use
by the highest-priority requesting device.

The first operation that SC/MP performs for
each input/output cycle is to load the 12
least significant address bits onto the 12-bit
address bus, and the 4 most significant
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SEE NOTE 1

(INITIATE INPUT/OUTPUT CYCLE
INSTRUCTION FETCH OR
sT
MEMORY REFERENCE
(NBREQ SERVES AS
H K
CHECK NBREQ LINE INPUT FOR THIS STEP)

w
=
(o]
z
I

BUS BUSY w

YES
NBREQ LOW
(NBREQ SERVES AS
SET NBREQ LOW OUTPUT FOR REMAINDER SEE NOTE 2
OF 1/0 CYCLE)

BUS ACCESS CONTROL

A. NBREQ and NENIN Processing Sequence

INSTRUCTION EXECUTION)

YES

EXECUTE DATA TRANSFER
(ADDRESS OUTPUT FOL

. ( NENIN-
LOWEDBY READ OR WRITE) HIGH(®)

1

NBREQ IS PULLED TO Ve
BY EXTERNAL
LOAD RESISTOR

O—
L

B. NBREQ, NENIN, and NENOUT Timing

—ee—'—ea—+—e

NBREQ |

TD(NENUUT)—>| |<— ——| l*—TD(NENOUT)

<—TH (NENIN)

2
NENOUT \g?@/_ek ITp,(ADS) \_/-eL
% 3% o B | l ‘ 33
NADS C TC CC | \-/ A3
|
NRDS/NWDS Gz 4 %
NOTES

1.

2.

NENOUT is always high while SC/MP is actually using bus; that is, NENIN input and

NBREQ output are low.

When SC/MP is not using bus (NBREQ output or NENIN input high), NENOUT is held

in same state as NENIN input

NENOUT goes low to indicate that SC/MP was granted access to bus (NENIN low) but

is not using bus.
NENOUT goes high in response to high NENIN input.

. SC/MP generates bus request; bus access not granted because NENIN high.

NENIN goes low. Bus access now granted and input/output cycle actually initiated. If
NENIN is set high while SC/MP has access to the bus, the address and data ports will
go to the high-impedance (Tri-State) state, but NBREQ will remain low. When NENIN
is subsequently set low, the input/output cycle will begin again.

Input/output cycle completed. NENOUT goes low to indicate that SC/MP granted
access to bus but not using bus. If NENIN had been set high before completion of

input/output cycle. NENOUT would have remained high

Figure 5
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Timing is valid when NENIN is low before NBREQ is set low by SC/MP; see Figure 5 for

NADS

timing when NENIN is set low after NBREQ.
Figure 6
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address bits along with 4 status bits onto the

8-bit data bus. Atthe same time, SC/MP sets —

the NADS output low to indicate that the
address and the status information are valid.
The low-order address on the 12-bit bus is
then held valid for the duration of the input/
output cycle; the high-order address and
the status information on the 8-bit bus re-
main valid only while NADS is low. While
valid, the status bits have the following sig-
nificance:

RFLG—When high, indicates that input/
output cycle is read cycle; when low, indi-
cates that input/output cycle is write cycle.

IFLG—Set high to indicate that instruction
operation code (single-byte instruction or
first byte of double-byte instruction) will be
output from memory following NADS.

DFLG—Set high only when second byte of
Delay Instruction is to be read from memory
following NADS. Execution of the Delay
Instruction then starts at trailing edge of
NRDS. Upon completion, SC/MP provides
NADS output to initiate next input/output
cycle if bus access is granted. Time in
microcycles from leading edge of delay flag
to leading edge of subsequent NADS output
is computed from the following formula:

Delay =[9 + 2(AC) + 2 disp + 29 disp]
microcycles
where:
(AC) = unsigned contents of accumulator
disp = unsigned displacement value contained
in second byte of Delay Instruction

The time derived from the above formula
does not include the four microcycles re-
quired to fetch the first byte of the Delay
Instruction. Thus, when the Delay Instruc-
tion is used for software timing, total in-
struction execution time equals [13+2(AC)
+ 2 disp + 29 disp] microcycles.

NOTE

When Halt Instruction is executed, instruction decode and
control logic inhibits incrementing of program counter for
one input/output cycle. Thus, Halt Instruction is read from
memory a second time to enable generation of HFLG
output, but no further processing of Halt Instruction
occurs. In effect, this procedure ensures HFLG is outputin
advance of the next instruction to be fetched from memory.

HFLG—Set high only during addressing
interval of read cycle that follows Halt In-
struction. HFLG may be used to cause user-
provided external logic to set the CONT
input low, and thereby to effect a pro-
grammed halt. Since HFLG read cycle pre-
cedes the next instruction fetch, termina-
tion of programmed halt enables fetch of
first instruction that follows Halt Instruc-
tion.
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Figu

In order to extend the input/output cycle, NHOLD must remain low until the point where
NRDS/NWDS would have made a low-to-high transition with NHOLD inactive. Dashed

DS when NHOLD is not active.

re 8

After resetting the NADS output, SC/MP
generates an NRDS or NWDS strobe, re-
spectively, to initiate a data-input (read) or
data-output (write) operation. For a read
operation, input data are strobed into
SC/MP from the 8-bit bus on the trailing
edge of the NRDS strobe. For a write opera-
tion, SC/MP places valid output data on the
8-bit bus on the leading edge of the NWDS
strobe. After resetting the NRDS or NWDS
strobe to complete the data transfer, SC/MP
then resets the NBREQ signal to indicate
that the system buses are free for use by
another controller.

INPUT/OUTPUT CYCLE

EXTENSION

Asshown in Figure 8, the NHOLD signal may
be set low prior to the trailing edge of the
NRDS or NWDS strobe to cause SC/MP to
lengthen the input/output cycle by holding
the strobe active until after the NHOLD
signal is returned high. Since there is no
restriction on the maximum duration of the
NHOLD signal, it can be used in a variety of
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applications ranging from accommodation
of memories/peripherals with long access
times to single-cycle control of the operat-
ing program for software debug purposes.

Figure 9 illustrates a typical circuit that may
be used to generate an NHOLD signal of
repeatable duration. The circuit shown em-
ploys an N74165 8-Bit Parallel In/Serial Out
Shift Register to allow selection of an input/
output cycle extend time that ranges from
Tc/2 to 2Tc in increments of Tc/2. Func-
tional operation of the circuit is controlled
by the NADS strobe and XOUT signals.
Each time that the NADS strobe goes low,
the data present at the A through H termi-
nals are loaded into the shift register in
parallel. When the NADS strobe subse-
quently returns high, the data are then shift-
ed out serially on the positive-to-negative
transitions of XOUT. Thus, the NHOLD
output of the circuit is set low on the leading
edge of each NADS strobe and, as shown in
the chart that accompanies the circuit dia-
gram, it remains low for a time period rang-
ing from three clock cycles minimum (B, C,



D, and E inputs = Logic “1") to seven clock
cycles maximum (B, C, D, and E inputs =
Logic “0").

It is important to note that instruction exe-
cution time is increased whenever an input/
output cycle is extended via the NHOLD
signal. For purposes of computing the in-
crease in instruction execution time, it is
necessary to distinguish between the terms
Input/Output Cycle Delay Period and Input/
Output Cycle Extend Time. The term
Input/Output Cycle Delay Period refers to
the time that the NRDS/NWDS strobe is
actually “stretched” to provide the required
memory or peripheral access time. The term
Input/Output Cycle Extend Time refers to
the additional number of microcycles re-
quired by the internal SC/MP microprogram
to complete the extended input/output cy-
cle; that is:
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INPUT/QUTPUT CYCLE

TYPICAL NHOLD CONTROL CIRCUIT

INPUT/OUTPUT CYCLE EXTEND
TIME SELECT INPUTS

’_l_ﬂ

11T12T|3T|4Y3 415 |6 _l

ABCDEFGH -
LOGIC 1" 0_.[10 st

e N74165 SO F—O NHOLD
xouT o_cl > ok (TO SC/MP)
(FROM SC/MP) LoAD"

1 _]-15
NADS L
(FROM SC/MP) =

INPUT/QOUTPUT CYCLE REQUIRED MEMORY

DATA INPUTS | NHOLD DURATION ACCESS TIMS
BCDE (in clock cycles) DELAY PERIOD EXTEND TIME [T RD ]

IN MICROCYCLES Acc (RD)
1111 3 0 0 2T¢ - 200
1110 4 Te/2 1 (5Tc/2) - 200
1100 5 Tc 1 3T - 200
1000 6 3Tc/2 1 (7Tc/2) - 200
0000 7 2Tc 1 4Tc - 200
Figure 9

Delay Period Extend Time
Tc/2 through 2Tc
(>0 < 1ucycle) 1ucycle
5Tc/2 through 4Tc
(>1 < 2ucycles) 2ucycles
9T¢/2 through 6Tc
(> 2 < 3ucycles) 3ucycles
etc. etc.

The total increase in instruction execution
time, therefore, is equal to the Input/Output
Cycle Extend Time multiplied by the total
number of input/output cycles associated
with the instruction. For example, a DLD
Instruction is normally executed in 22 mi-
crocycles. Since this instruction employs
three read input/output cycles and one
write input/output cycle, an Input/Output
Cycle Extend Time of one microcycle would
increase total DLD Instruction execution
time to 26 microcycles.

SERIAL DATA TRANSFERS

Serial input/output data transfers can be
used efficiently with very slow input/output
peripherals such as X-Y plotters, teletype-
writers, slow-speed printers, and so forth.
Such transfers can be effected in any of the
following manners:

1. By assigning serial input/output func-
tions to the extension register via the SIO
(Serial Input/Output) Instruction. When this
instruction is executed, the contents of the
extension register are shifted right one bit.
At the same time, data present on the SIN
line are shifted into bit position 7 of the
extension register and the original contents
of bit position 0 are shifted into a flip-flop to
provide a latched output of the SOUT line.
The SOUT data are then held latched until
the next SIO instruction is executed.

2. By using one of the status flags as an
output data bit and one of the sense lines as
an input data bit.

3. By implementing external logic such that
only one line of the 8-bit data input/output
bus is used.

For synchronous systems, serial data input/
output timing may be provided by pro-
gram loops that employ the delay instruc-
tion, or by using one or more of the transfer
instructions (see Table 2) to test the output
of an external timing circuit. For asynchro-
nous systems, one of the sense inputs can
be used for testing bit-received/ready status
and a pulsed flag output can be provided,
under program control, for peripheral in-
dexing each time that a data bit is actually
shifted in or out.

Systems that have several input/outout de-
vices must be multiplexed, device selection
can then be accomplished using the status
flag outputs of SC/MP, or by using parallel
input/output commands to load an external
latch. Systems that do not require serial
input/output capability can employ the SIN
and SOUT lines as a sense input and flag
output, respectively.

INTERRUPTS

When the internal interrupt enable (IE) flag
is set under program control, the Sense A
line is enabled to serve as an interrupt
request input; when the IE flag is reset,
SC/MP is inhibited from detecting inter-
rupts. Thus, while the IE flag is set, the
Sense A input is tested prior to the fetch
phase of each instruction as shown in Fig-
ure 10. Upon detection of an interrupt re-
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quest (Sense A high), the following events
occur automatically.

MICROPROCESSOR HALT AND
INTERRUPT REQUEST
INPUT PROCESSING

INITIALIZE

INCREMENT PC
FETCH INSTRUCTION
EXECUTE INSTRUCTION

L |

Figure 10

1. The status register IE flag is reset to
prevent SC/MP from responding to any
further interrupt requests. Interrupt request
capability can then be reenabled during or
at the end of the ensuing user-generated
interrupt service routine via the IEN (Enable
Interrupt) Instruction or by copying the
accumulator into the status register.
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2. The contents of the program counter are
exchanged with the contents of the pointer
register 3.

3. The contents of the program counter are
incremented by one to address the first
instruction of the user-generated interrupt
service routine.

The interrupt system must be armed before
interrupts are enabled. This is accom-
plished as follows:

1. First, the Interrupt Enable Bit in the Sta-
tus Register is set true by executing either
an Enable Interrupt Instruction (IEN) or a
Copy Accumulator to Status Register In-
struction (CAS).

2. Second, one additional instructionis
fetched and executed.

A return from interrupt is accomplished by
executing two instructions: Enable Inter-
rupt (IEN) immediately followed by Ex-

change Pointer 3 with Program Counter
(XPPC 3).

MICROPROCESSOR HALT

The CONT input to SC/MP is provided to
enable suspension of operation without loss
of internal status. Processing of the CONT
input is shown in Figure 9. Since this is an
asynchronous input, it can be controlled by
external timing logic, or as stated previous-
ly, the HALT flag output that appears on the
8-bitdatabus(during thereadcyclethat
follows execution of a Halt Instruction) can
be used with an external circuit to effect a
programmed halt condition. Note that when
an interrupt request is detected while the
CONT input is low, the first instruction of
the user-generated interrupt service routine
is automatically executed. Thus, the first
instruction of the interrupt service routine
can be used to reset the external CONT
input logic and, thereby, to terminate the
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microprocessor halt condition if so desired.

After execution of an instruction, the CONT
input must be high for a minimum time of
2Tc (1 microcycle) in order to fetch and
execute the next instruction.

INSTRUCTION SET

The SC/MP instruction set provides the
general-purpose user of microprocessors a
powerful programming capability along
with above-average flexibility and speed.
The instruction set consists of 46 instruc-
tions, which comprise eight general catego-
ries. A listing of the complete instruction set
is provided in Table 2; typical instruction
execution times are given in Table 3, and
notations and symbols used as shorthand
expressions of instruction capability are
defined in Table 4.

DOUBLE-BYTE INSTRUCTIONS
MNEMONIC DESCRIPTION OBJECT FORMAT OPERATION MICHG-
CYCLES
Memory reference instructions | [76543210 [76543210
LD Load 1100 0[m|ptr disp (AC)—(EA) 18
ST Store 11001 (EA)—(AC) 18
AND AND 11010 (AC)—(AC) A (EA) 18
OR OR 11011 (AC)—(AC) V (EA) 18
XOR Exclusive-OR 11100 (AC)—(AC) ¥ (EA) 18
DAD Decimal add 11101 (AC)—(AC)10+ (EA)10+ (CY/L); (CY/L) 23
ADD Add 11110 (AC)—(AC) +(EA)+(CY/L); (CY/L), (OV) 19
CAD Complement and add 13701 (AC)—(AC) + ~(EA) + ((CY/L); 20
(CY/L), (OV)
Memory increment/
decrement instructions 765432|10(76543210
ILD Increment and load 101010|ptr disp (AC), (EA)—(EA) + 1 22
DLD Decrement and load 1011170 (AC), (EA)—(EA) -1 22
Immediate instructions 76543210 |76543210|
LDI Load immediate 11000100 data | | (AC)—data 10
ANI AND immediate 11010100 (AC)—(AC) A data 10
ORI OR immediate 11011100 (AC)—(AC) V data 10
XRI Exclusive-OR immediate 11100100 (AC)—(AC) ¥ data 10
DAI Decimal add immediate 11101100 (AC)—(AC)10+dataio+(CY/L); (CY/L) 15
ADI Add immediate 11910900 (AC)—(AC) +data+ (CY/L); (CY/L), (OV) 11
CAl Complement and add 111911060 (AC)—(AC) + ~data + (CY/L); 12
immediate (CY/L), (QV)
Transfer instructions 765432|10|76543210|
JMP Jump 10010 O0|ptr ] disp J (PC)—EA 11
JP Jump if positive 100101 If (AC) =0, (PC)—EA 9, 11
Jz Jump if zero 100110 If (AC) =0, (PC)—EA 9, 11
JNZ Jump if not zero 100111 If (AC) # 0, (PC)—EA 9, 1
Double-byte miscellaneous
instructions 76543210]76543210
DLY Delay 10001111 disp count AC to -1. 13 to
delay =13 + 2(AC) + 2 disp +29disp 131, 593
microcycles
Table 3 SC/MP INSTRUCTION SUMMARY
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SINGLE-BYTE INSTRUCTIONS
MICRO-
MNEMONIC DESCRIPTION OBJECT FORMAT OPERATION CYCLES
Extension register instructions | 76543210
LDE Load AC from extension 01000000 (AC)—(E) 6
XAE Exchange AC and extension 00000001 (AC)—(E) 7
ANE AND extension 01010000 (AC)—(AC) A (BE) 6
ORE OR extension 01011000 (AC)—(AC) V (B) 6
XRE Exclusive-OR extension 01100000 (AC)—(AC) ¥ (B) 6
DAE Decimal add extension 01101000 (AC)—(AC)10+ (E)10+ (CY/L); (CY/L) 14
ADE Add extension 01110000 (AC)—(AC)+(E) +(CY/L); (CY/L), (OV) 7
CAE Complement and add 01111000 (AC)—(AC) + 8(E)+ (CY/L); (CY/L), (OV) 8
extension
Pointer register move
instructions 76543210
XPAL Exchange pointer low 001100][ptr] (AC)—(PTR7.0) 8
XPAH Exchange pointer high 001101 (AC)—(PTR15:8) 8
XPPC Exchange pointer with PC 001111 (PC)—(PTR) 7
Shift, rotate, serial 1/0
instructions 76543210
SIO Serial input/output 00011001 (E)—(Ei=1), SIN—(E7), (E0)—~SOUT 5
SR Shift right 00011100 (AC)—(ACi-1), 0—=(AC? 5
SRL Shift right with link 00011101 (AC)—(ACj-1), (CY/L)—~(AC?) 5
RR Rotate right 00011110 (AC)—(ACj-1), (ACo—(AC?) 5
RRL Rotate right with link 00011111 (ACi)—(ACi-1), (ACo—(CY/L)—~(AC?) 5
Single-byte miscellaneous
instructions 76543210
HALT Halt 00000000 Pulse H-flag 8
CCL Clear carry/link 00000010 (CY/L)-0 5
SCL Set carry/link 00000011 (CY/L)—1 5
DINT Disable interrupt 00000100 (IE)-0 6
IEN Enable interrupt 00000101 (1E)-1 6
CSA Copy status to AC 00000110 (AC)—(SR) 5
CAS Copy AC to status 00000111 (SR)—(AC) 6
NOP No operation 00001000 None 5
Table 3 SC/MP INSTRUCTION SUMMARY (Cont'd)
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READ WRITE TOTAL
INSTRUCTION CYCLES CYCLES MICROCYCLES

ADD 3 0 19
ADE 1 0 7

ADI 2 0 11
AND 3 0 18
ANE 1 0 6

ANI 2 0 10
CAD 3 0 20
CAE 1 0 8

CAl 2 0 12
CAS 1 0 6
ccL 1 0 5

CSA 1 0 5
DAD 3 0 23
DAE 1 0 11

DAI 2 0 15
DINT 1 0 6

DLD 3 1 22
DLY 2 0 13 - 131593
HALT 2 0 8 -
IEN 1 0 6

ILD 3 1 22
JMP 2 0 1
JNZ 2 0 9,11 for Jump

JP 2 0 9,11 for Jump

Jz 2 0 9,11 for Jump

LD 3 0 18
LDE 1 0 6

LDI 2 0 10
NOP 1 0 5

OR 3 0 18
ORE 1 0 6

ORI 2 0 10

RR 1 0 5
RRL 1 0 5
SCL 1 0 5

slo 1 0 5

SR 1 0 5
SRL 1 0 5

ST 2 1 18
XAE 1 0 7
XOR 3 0 18
XPAH 1 0 8
XPAL 1 0 8
XPPC 1 0 7
XRE 1 0 6

XRI 2 0 10

NOTE

If slow memory is being used, the appropriate delay should be added for each read or write cycle.

Table 4

ADDRESSING

During execution, instructions and data
defined in a program are storedinto and
loaded from specific memory locations, the
accumulator, or selected registers. Because
SC/MP, memory (read/write and read-only),
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INSTRUCTION EXECUTION TIME

and peripherals are on a common data bus,
any instruction used to address memory
may be used to address the peripherals. The
formats of the instruction groups that refer-
ence memory are shown below.
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Tk iz BE2IVIO K¥siicn i o 0
Memory Reference
opcads fmyptr disp Instructyuons
opcode [ptr disp Memory Increment/

Decrement Instructions
and Transfer Instructions

Memory-reference instructions use the PC-
relative, indexed, or auto-indexed methods
of addressing memory. Thememory-
increment/decrement instructions and the
transfer instructions use the PC-relative or
indexed methods of addressing.

The various methods of addressing memory
and peripherals are shown below.

Immediate addressing is an addressing for-
mat specific to the immediate instruction

group.

TYPE OF OPERAND FORMATS
ADDRESSING | m ptr disp
PC-relative 010 -128 to +127
Indexed 0 |1,2, or 3 -128 to +127
Immediate 110 -128 to +127
Auto-
indexed 1 (1,2, or 3 -128 to +127

For PC-relative, indexed, and auto-indexed
memory-reference instructions, another
feature of the addressing architecture is that
the contents of the extension register are
substituted for the displacement if the in-
struction displacement equals -128 (-X'80).

NOTE

All arithmetic operations associated with address
formation affect only the 12 low-order address bits; no
carry is provided to the 4 high-order bits. For systems
employing memories of 4K or less, the high-order bits can
be ignored as they are set to 0000 following initialization
For systems employing larger memories, the high-order
bits must be set to the starting address of the desired 4K
block of memory. For example:

00012 enables memoory locations 100015 - 1FFF16 to be

addressed

00102 enables memory locations 200016 - 2FFF 16 to be

addressed and so forth

PC-Relative Addressing—A PC-relative ad-
dress is formed by adding the displacement
value specified in the operand field of the
instruction to the current contents of the
program counter. The displacement is an 8-
bit twos-complement number, so the range
of the PC-relative addressing format is
-12810 to +1271¢ locations from the current
contents of the program counter.

Immediate Addressing—Immediate ad-
dressing uses the value in the second byte
of a double-byte instruction as the operand
for the operation to be performed (see be-
low).

For example, compare a Load (LD) instruc-
tion to a Load Immediate (LDI) instruction.
The Load instruction uses the contents of



the second byte of the instruction in com-
puting the effective address of the data to be
loaded. The Load Immediate instruction
uses the contents of the second byte as the
data to be loaded.

Indexed Addressing—Indexed addressing
enables the programmer to address any
location in memory through the use of the
pointer register and the displacement.
When indexed addressing is specified in an
instruction, the contents of the designated
pointer register are added to the displace-
ment to form the effective address. The
contents of the pointer register are not
modified by indexed addressing.

Auto-Indexed Addressing—Auto-indexed
addressing provides the same capabilities
as indexed addressing along with the ability
to increment or decrement the designated
pointer register by the value of the displace-
ment. If the displacement is less than zero,
the pointer register is decremented by the
displacement before the contents of the
effective address are fetched or stored. If
the displacement is equal to or greater than
zero, the pointer register is used as the
effective address, and the pointer registeris
incremented by the displacement after the
contents of the effective address are fetched
or stored.

SYSTEM IMPLEMENTATION

Figures 11 and through 13 illustrate typical
SC/MP system configurations. In Figure 10,
SC/MP is shown interconnected to three
memory devices to form a stand-alone 4-
device system that provides 256 words of
read/write memory and 2,048 words for
program storage. Figure 12 shows SC/MP
interconnected to an external controller for
Direct Memory Access (DMA) operation,
and Figure 13 illustrates a multiprocessor
application using SC/MP’s built-in logic to
control bus access.
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MULTIPROCESSOR SYSTEM USING SC/MP-11 BUILT-IN LOGIC FOR BUS CONTROL
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Figure 13
SYMBOL AND
NOTATION MEANING
AC 8-bit Accumulator.
CY/L Carry/Link Flag in the Status Register. .
data Signed, 8-bit immediate data field.
disp Displacement; represents an operand in a nonmemory reference instruction or an address
modifier field in a memory reference instruction. It is a signed twos-complement number.
EA Effective Address as specified by the instruction.
E Extension Register; provides for temporary storage, variable displacements and separate serial
input/output port.
i Unspecified bit of a register.
IE Interrupt Enable Flag.
m Mode bit, used in memory reference instructions. Blank parameter sets m = 0, at sets m = 1.
ov Overflow Flag in the Status Register.
PC Program Counter (Pointer Register 0); during address formation, PC points to the last byte of
the instruction being executed.
ptr Pointer Register (ptr = 0 through 3). The register specified in byte 1 of the instruction.
ptrn:m Pointer register bits; n:m = 7 through 0 or 15 through 8.
SIN Serial Input pin.
SOuUT Serial Output pin.
SR 8-bit Status Register.
() Means “contents of.” For example, (EA) is contents of Effective Address.
(] Means optional field in the assembler instruction format.
T Ones complement of value to right of ~.
- Means “replaces.”
o~ Means “is replaced by.”
= Means “exchange.”
@ When used in the operand field of the instruction, sets the mode bit (m) to 1 for auto-incrementing/auto-
decrementing indexing.
10+ Modulo 10 addition.
A AND operation.
Vv Inclusive-OR operation.
R Exclusive-OR operation.
> Greater than or equal to.
= Equals.
# Does not equal.

Table 5 GLOSSARY
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DESCRIPTION

The MP8080A is an 8-bit microprocessor
housed in a standard, 40-pin dual-in-line
package. The chip, which is fabricated us-
ing N-channel silicon gate MOS technolo-
gy, functions as the central processing unit
(CPU) in Signetics’ 8080 microcomputer
family.

The MP8080A has a 16-bit address bus that
is capable of addressing up to 65k bytes of
memory and up to 256 input and 256 output
devices. Data is routed to and from the
MP8080A on a separate bidirectional 8-bit
bus. This data bus is also Tri-State, making
direct memory addressing (DMA) and multi-
processing applications possible. The
MPB8080A directly provides signals to con-
trol the interface to memory and I/O ports.
All buses, including control, are TTL com-
patible.

An asynchronous interrupt capability is
included in the MP8080A to allow external
signals to change the instruction sequence.
The interrupting device may vector the pro-
gram to a particular service routine location
(orsome other direct function) by specifying
an interrupt instruction to be executed.

FUNCTIONAL BLOCK DIAGRAM

FEATURES

PIN CONFIGURATION

MP8080A-I

® 2us instruction cycle
® Variable length instructions
® General purpose registers—six plus an
accumulator
® Direct addressing up to 65k bytes
® Variable length stack accessed by 16-bit
stack pointer
® Addresses 256 input and 256 output ports
® Provisions for vectored interrupts
® Tri-state bus for DMA and multiprocess-
ing capability
® Tri-state TTL drive capabilities for ad-
dress and data buses
® Decimal arithmetic capability
e Multiple addressing modes
Direct
Register
Register indirect
Immediate
® Direct plug-in replacement for Intel
MP8080A
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MP8080A MICROCOMPUTER FAMILY BLOCK DIAGRAM
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PIN DESIGNATION

MNEMONIC PIN NO. TYPE NAME AND FUNCTION

READY 23 | Ready: When high (logic 1), indicates that valid memory or input data are available to the
CPU on the MP8080A data bus. The Ready signal is used to synchronize the CPU with
slower memory or input/output devices. If the MP8080A does not receive a high Ready
input after sending out an address to memory or an input/output device, the MP8080A
enters a Wait mode for as long as the Ready input remains low (logic 0). The CPU may
also be single stepped by the use of the Ready signal.

HOLD 13 | Hold: When high, requests that the CPU enter the Hold mode. When the CPU is in the
Hold mode, the CPU address and the data buses both will be in the high-impedance
state. The Hold mode allows an external device to gain control of the MP8080A address
and data buses immediately following the completion of the current machine cycle by
the CPU. The CPU acknowledges the Hold mode via the HLDA output line. The Hold
request is recognized under the following conditions:

1. The CPU is in the Halt mode.

2. The Ready signal is active and the CPU is in the t2 or ty state.

INT 14 | Interrupt Request: When high, the CPU recognizes an interrupt request on this line after
completing the current instruction or while in the Halt mode. An interrupt request is not
honored if the CPU is in the Hold mode (HLDA = logic 1) or the INTE Flip-flop is reset
(logic 0).

RESET 12 | Reset: When activated (high) for a minimum of three clock periods, the content of the
Program Counter is cleared and the Interrupt Enable and HLDA Flip-flops are reset.
Following a Reset, program execution starts at memory location 0. It should be noted
that the status flags, accumulator, stack pointer, and registers are not cleared during the
Reset sequence.

4)1 ¢.2 22,15 | ¢4 and¢p5 Clocks: Two non-TTL compatible clock phases which provide nonoverlap-
' ping timing references for internal storage elements and logic circuits of the CPU.
SYNC 19 (¢} Sychronizing Signal: When activated (high), the beginning of a new machine cycle is

indicated and the status word is outputted on the Data Bus.
A15-Ao 25-27, (@] Address Bus: This bus comprises sixteen tri-state output lines. The bus provides the ad-
29-40 dress to memory (up to 65k bytes) or denotes the input/output device number for up to
256 input and 256 output peripherals.
WAIT 24 (6] Wait: When high, acknowledges that the CPU is in the Wait mode.
WR 18 (6] Write: When low, the data on the data bus are stable for Write memory or output
operation.
HLDA 21 (@) Hold Acknowledge: Goes high inresponse to alogic 1 on the Hold line and indicates that

the data and address bus will go to the high-impedance state. The HLDA begins at one of
the following times:

1. The tg3 state of the Read memory input operation.

2. The clock period following the t3 state of a Write memory output operation.
In both cases, the HLDA signal starts after the rising edge of the ¢ 1 clock, and high
impedance occurs after the rising edge of the g2 clock.

INTE 16 (6] Interrupt Enable: Indicates the content of the internal INTE Flip-flop. The Enable and
Disable Interrupt (El and DI) Instructions cause the INTE Flip-flop to be set and reset,
respectively. When the Flip-flop is reset (INTE = logic 0), it inhibits interrupts from being
accepted by the CPU. In addition, the INTE Flip-flop is automatically reset (thereby
disabling further interrupts) at the t; state of the instruction fetch cycle, when an
interrupt is accepted,; it is also reset by the Reset Signal.

D7-Do 3-10 170 Data Bus: This bus comprises eight tri-state input/output lines. The bus provides
bidirectional communication between the CPU, memory, and input/output devices for
instructions and data transfers. A status word (which describes the current machine
cycle) is also outputted on the data bus during the first state of each machine cycle
(SYNC = logic 1).

+12V 28 | +2 Volts: Vpp Supply.
+5V 20 | +5 Volts: Vcc Supply.
-5V 11 | -5 Volts: Vs Supply.
GND 2 | Ground: Vss (0 volt) reference.
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Ta Operating temperature range 0to 70 °C
TstG Storage temperature range -65 to +150 °C
All input or output
voltages with respect to Ves -0.3 to +20 \
Vce Vpp and Vss with respect to Vaeg -0.3to 20 \
Power dissipation 15 W

NOTE Maximum ratings indicate limits beyond which permanent damage may occur.
Continuous operation at these limits is not intended and should be limited to
those conditions specified under dc electrical characteristics.

DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vpp = +12V £ 5%, Vcc = 5V * 5%,
Vg = -5V * 5% Vss = 0V, unless otherwise specified.

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage Vv
ViHC Clock high 9.0 Vpp +1
ViLc Clock low Vss -1 Vss +0.8
ViH High 3.3 Vee:+1
ViL Low Vss -1 Vss +0.8
Output voltage Vv
VoH High lon = 150uA 3.7
VoL Low loL = 1.9mA on all inputs 0.45
Supply current mA
Ibb(AVv) Avg. (Vpp) Operation tcy = 0.48us 40 70
lcc(av) Avg. (Vce) Operation tcy = 0.48us 60 80
IBB(AV) Avg. (Vgg) 0.01 1
Leakage current wA
li Input Vss < VIN < Vee +10
IcL Clock Vss < VeLock < Vop +10
Data bus uA
IpL* (in input mode) Vss < VIN < Vgs +0.8V -100
Vss < +0.8V < V|N < Vce -2.0
Address and data bus uA
IEL (during hold) VADDR/DATA = VcC +10
VADDR/DATA = Vss +0.45V -100
Capacitance (Ta = 25°C, Vcc = Vpp = Vss = 0V, pF
Veg = -5V)
Co Clock fc = 1MHz 17 25
CiN Input Unmeasured pins 6 10
Cout Output Returned to Vss 10 20
*NOTE
When DBIN is high and Vin > V4 an internal active pull up will be switched onto the Data
Bus.
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AC ELECTRICAL CHARACTERISTICS (Cont'd) Ta=0°C to +70°C, Vpp = +12V * 5%, Vcg = +5V + 5%,
VBB = -5V * 5% Vss = 0V, unless otherwise specified.

MP8080A-|

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

tcy3 Clock period 0.48 2.0 us
trtf Clock rise and fall time 0 50 ns
te1 ¢1 Pulse width 60 ns
too @2 Pulse width 220 ns
tD1 Delay ¢p1 tog2 0 ns
tp2 Delay¢2 tog 1 70 ns
toa Delay¢p1 tog2 leading edges 80 ns
tpa2 Address output delay frome 2 CL = 100pF 200 ns
top2 Data output delay fromdg2 CL = 100pF 220 ns
tpc2 Signal output delay from¢1 or¢2 CL = 50pF 120 ns

(SYNC, WR, WAIT, HLDA)
tpr2 DBIN delay from ¢2 CL = 50pF 25 140 ns
tp1 Delay for input bus to enter input mode toF ns
tps1 Data setup time duringgp1 and DBIN 30 ns
tps2 Data setup time to¢2 during DBIN 150 ns
toH1 Data hold time fromqsz during DBIN 1 ns
tig2 INTE output delay fromg2 CL = 50pF 200 ns
trs Ready setup time during¢g2 120 ns
tHs Hold setup time tog2 140 ns
tis INT setup time during¢z 120 ns

(during¢p1 in halt mode)
tH Hold time from¢2 (READY, INT, HOLD) 0 ns
trD Delay to float during hold CL = 100pF: Address, data 120 ns

(address and data bus)
taw? Address stable prior to WR (Note 5) (Note 5) ns
tow?2 Output data stable prior to WR © CL = 50pF: WR, HLDA, DBIN (Note 6) (Note 8 | ns
twp?2 Output data stable from WR7 (Note 7) (Note 7)| ns
twa2 Address stable from WR7 (Note 7) (Note 7) ns
tHF2 HLDA to float delay8 (Note 8) (Note 8) ns
twr2 WR to float delay?® (Note 9 (Note 9) | ns
tan2 Address hold time after DBIN during HLDA -20 ns

NOTES

1. Data input should be enabled with DBIN status. No bus conflict can then occur and

data hold time is assured. tpH = 50ns or tpr, whichever is less.
2. Typical load circuit:

+5V

MP8080A
OUTPUT

3.tcy =tpa + tro2 + td2 + to2 + trd2 + trd1 = 480ns.

TYPICAL >OQUTPUT DISPLAY > CAPACITANCE
0

SPEC

* OUTPUT DELAY (ns)
o

-20
-100 -50 0 50 100
> CAPACITANCE (pF)

(CacTuac * Cspec’

PSS

The following are relevant when interfacing the MP8080A to devices having ViH = 3.3V

a) Maximum output rise time from 0.8V to 3.3V = 100ns @ C. = SPEC
b) Output Delay when measured to 3.0V = SPEC + 60ns @ CL = SPEC
c) IfCL# SPEC, add0.6ns/pF if CL > Cspec, subtract 0.3ns/pF (from modified delay) if

CL < Cspec.

tHF = tp3 + trd 2 - 50ns
twF = tp3 + trd2 - 10ns.

©® N,

Sifnetics

taw = 2tcy - tpa - tr¢p2 - 140ns.
tow = tcy - tpa - trp2 - 170ns.
If not HLDA, twp = twa = to3 + trp2 + 10ns. If HLDA, twp = twa = twr
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NOTE Timing measurements are made at the following reference voltages: Clock '1'=
8.0V, ‘0" =1.0V; Inputs ‘1" = 3.3V, '0' = 0.8V; Outputs ‘1" = 2.0V, ‘0' = 0.8V.

SYMBOLS

DATA BUS
BIT

DEFINITION

ouT

INP*

MEMR*

INTA*

STACK

HLTA

D4

Ds

Ds

D7

Do

D2

D3

Indicates that the address bus contains
the address of an output device and the
data bus will contain the output data when
WR is active.

Provides a signal to indicate that the CPU
is in the fetch cycle of the first byte of an
instruction.

Indicates that the address bus contains
the address of an input device and the
input data should be placed on the data
bus when DBIN is active.

Designates that the data bus will be used
for memory read data.

Acknowledge signal for Interrupt request.
Signal should be used to gate a restart
instruction onto the data bus when DBIN
is active.

Indicates that the operation in the current
machine cycle will be a Write memory or
Output function (WO = 0). Otherwise, a
Read memory or Input operation will be
executed.

Indicates that the address bus holds the
pushdown stack address from the Stack
Pointer.

Acknowledge signal for Halt Instruction.

Table 1 STATUS INFORMATION DEFINITION

168

*These three status bits can be used to control the flow of data onto the MP8080A data

bus.

NOTES

1. Data in must be stable for this period during DBIN-T3. Both tps1 and tpsz must be

satisfied

2. Ready signal must be stable for this period during t2 or Tw. (Must be externally

synchronized.)

3. Hold signal must be stable for this period during T2 or Tw when entering hold mode
and during T3. T4, Ts, and Twn when in hold mode. (External synchronization is not
required.)

. Interrupt signal must be stable auring this period of the last clock cycle of any
instruction in order to be recognized on the following instruction. (External
synchronization is not required.)

»
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DATA BUS BIT
MACHINE CYCLE TYPE
D7 Dg Ds D4 D3 D2 D1 Do
Instruction fetch 1 1 0 1 0 0 0 1 0
Memory read 2 1 0 0 0 0 0 1 0
Memory write 3 0 0 0 0 0 0 0 0
Stack read 4 1 0 0 0 0 1 1 0
Stack write 5 0 0 0 0 0 1 0 0
Input read 6 0 1 0 0 0 0 1 0
Output write ] 0 0 0 1 0 0 0 0
Interrupt acknowledge 8 0 0 1 0 0 0 1 1
Halt acknowledge 9 1 0 0 0 1 0 1 0
Interrupt acknowledge while halt 10 0 0 1 0 1 0 1 1
Table 2 STATUS WORD CHART
No. of ¢
: 0.0
No. of |Machine| FLA
MNEMONIC DESCRIPTION OPERATION gPCODE Bytes (M) States CONDITION ]
D7 Dg D5 D4[D3 D2 D1 Do cyctes | M [ [zTac] P Jey
DATA TRANSFER GROUP
LDA Load Accumulator Direct (A) — ((byte 3) (byte 2)) o o0 1t 1|1 0 1 0 3 4 13
LDAX B Load Accumulator Indirect (A) — ((B) (C) 0O 0 0 0|1 0 1 O 1 2 7
LDAX D Load Accumulator Indirect (A)— (D) (E) o 0 0 1|1t 0 1 0 1 2 7
LHLD Load H and L Direct (L) — (tbyte 3) (byte 2)) o 0o 1 0|1 0 1 O 3 5 16
(H) — ((byte 3) (byte 2) + 1)
LXI B Load Immediate, Registers B and C (B) — (byte 3) 0O 0 0 0|0 O 0 1 3 3 10
(C) — (byte 2)
LXI D Load Immediate, Registers D and E (D) — (byte 3) 0o 0 o0 1|0 0 0 1 3 3 10
(E) — (byte 2)
LXI H Load Immediate, Registers H and L (H) — (byte) 0 0 1 oj0O 0 O 1 3 3 10
(L) — (byte 2)
LXi SP Load Immediate, Stack Pointer (SPH) — (byte 3) o o 1 1j0 0 0 1 3 3 10
(SPL) — (byte 2) (Flags Not
MOV Mr Move to Memory ((H) (L) = () 01 1 1|0 8 § S 1 2 7 Affected)
MOV M Move from Memory (r) —((H) (L) 0 1 D D|D 1 1 0 1 2 i
MOV r1,r2 Move Registers (r1) — (r2) 0 1 D D{D & 8 § 1 1 &
MV M Move to Memory Immediate ((H) (L) — (byte 2) o o 1 1|0 1 1 0 2 3 10
MVI r Move Immediate (r) — (byte 2) 0O 0 D D|D 1 9 0 2 2 i
SHLD Store H and L Direct ((byte 3) (byte 2)) — (L) 0 0 1t 0|0 O 1 O 3 5 16
((byte 3) (byte 2) + 1) — (H)
STA Store Accumulator Direct ((byte 3) (byte 2)) — (A) o 0 1 1]j]0 0 1 O 3 4 13
STAX B Store Accumulator Indirect (B) (C) — (A) 0 0 0 0|0 0 1 O 1 2 7
STAX D Store Accumulator Indirect (D) (E) — (A) 0O 0 0 1t|j0O 0 1 O 1 2 v
XCHG Exchange H and L with D and E (H) — (D) 11 ¥ @1 @ 1 4 1 1 4
(R
ARITHMETIC GROUP
ACI Add Immediate with Carry (A) — (A) + (byte 2) + (CY) 1 1 0 0} 1 1 0 e 2 V& ! ! ! ! 1
ADC M Add Memory with Carry (A) = (A) + ((H) (L)+ (CY) 1 0 0 Of1 1 1t O 1 2 7 i ! ! H !
ADC r Add Register with Carry (A) — (A) + (r) + (CY) 1 0 0 0|1 S8 S S 1 1 4 ! ! ! ! !
ADD M Add Memory (A) — (A) + ((H) (L) 1 0 0 OjJO 1t 1 O 1 2 7 1 ! ! ! !
ADD r Add Register (A) — (A)+ (1) 1 0 0 0|0 s S S 1 il 4 1 1 ! ! i
ADI Add Immediate (A) — (A) + (byte 2) 11 0 0]0 1 10 1 2 7 i ! ! i !
DAA Decimal Adjust Accumulator 8-bit number in Accumulator 0o 0o 1t 0j0 1 1 1 1 1 4 ! H ! 1 1
is converted to two 4-bit BCD
digits
DAD B Add Band CtoHand L (H) (L) — (H) (L) + (B) (C) 0 0 0 o1t 0 0 1 1 3 10 !
DAD D Add Dand EtoH and L (H) (L) — H) (L) + (D) (E) 0O 0 0 1|1 0 0 1 1 3 10 !
DAD H Add Hand LtoH and L (H) (L) = (H) (L) + (H) (L) o 0 1 0of1 0 0 1 1 3 10 !
DAD SP Add Stack Pointer to H and L (H) (L) — (H) (L) + (SP) o 0 1 1|1 0 0 1 1 3 10 . !
DCR M Decrement Memory ((H) (L) = (H) (L) -1 o 0o 1 10 1 0 1 1 3 10 ! t !
DCR r Decrement Register n—(-1 0 0 D D|ID 1 0 1 1 1 & ! ! !
DCX B Decrement Registers B and C (B) (C) — (B) (C) -1 0O 0 0 o1 0o 1 1 1 1 5
DCX D Decrement Registers D and E (D) (E) — (D) (BE) - 1 o o0 o0 1|1 0 1 1 1 1 5
DCX H Decrement Registers H and L (H) (L) — (H) (L) -1 o o0 1 0|1 0o 1 1 1 1 5
DCX SP Decrement Stack Power (SP) — (SP) - 1 0o 0 1 1|1 0 1 1 1 1 5 .
INR M Increment Memory ((H) (L) = ((H) (L) + 1 o 0o 1 1t]0 1 0 O 1 3 10 ! 1 ! !
INR r Increment Register () = +1 0O 0o b D|ID 1 0 O 1 1 5 ! 1 1 t
INX B Increment Registers B and C (B) (C) — (B) (C) + 1 0 0 0 ofo0o 0 1 1 1 1 5 .
INX D Increment Registers D and E (D) (E) — (D) (B) + 1 0O 0 0 1|0 O 1 1 1 1 5
INX H Increment Registers H and L (H) (L) = (H) (L) + 1 0o 0o 1 0J0O O 1 1 1 1 5

Table 3 INSTRUCTION SET

Sinnotics
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No. ‘_" No. of
OP CODE No. of |Machine| o\ | CONDITION FLAGS
MNEMONIC DESCRIPTION OPERATION Bytes (M) m
D7 Dg D5 D4|D3 D2 D1 Do Cycles s [z Jac]p Jeoy
ARITHMETIC GROUP (Cont'd)
INX SP Increment Stack Pointer (SP) — (SP) + 1 o o 1t 10 0 1 1 1 1 5
sBB M Subtract Memory with Borrow (A) —= (A) - (H) (L) - (CY) 1 00 1|1 1 1 0 1 2 7 t ! [ I A S
SBB r Subtract Register with Borrow (A) — (A) - (r) = (CY) 1 0 0 1|1 S § 8 1 1 4 t ! ! ! !
SBI Subtract Immediate with Borrow (A) — (A) - (byte 2) - (CY) 11 0 11 1 1 0 2 2 7 i ! 1 ! t
suB M Subtract Memory (A) — (A) = ((H) (L) 10 0 10 1 1 0 1 2 7 ! ! ! 1 !
suB r Subtract Register (A) —(A) - (N 1 0 0 1|0 S S S 1 1 4 ! ! ! 1 !
Sul Subtract Immediate (A) = (A) - (byte 2) 13 0 1fa 110 2 2 7 ! U ! ! !
LOGICAL GROUP
ANA M AND Memory (A) —(A)  ((H) (L) 1 0 1 0f0 1 1 0 1 2 74 ! ! td 1 0
ANA r AND Register (A) — (A) (r) 1 0 1 00 S8 S S8 1 it 4 i 1 id ! 0
ANI AND Immediate (A) —(A)  (byte 2) i1 1 0j0 1 1 0 2 2 7 ! 1 td ! 0
CMA Complement Accumulator (A) — (A) o o0 1 o1 1 1 1 1 1 4 =
cMC Complement Carry (cyY) — (€Y 00 1 1|1 1 1 1 1 1 4 : t
CMP M Compare Memory (A)—((H) (L) 1 0 1 1 1 1 1 0 1 2 T ! la ! ! ta
CMP  r Compare Register (A)—I(r) 1 0 1 1|1 8 8§ 8 1 1 4 1 |tb ! 1 |tb
CPI Compare Immediate (A)—(byte 2) 11 1 1|1 1 1 0 2 2 7 1 |te t t te
ORA M OR Memory (A) — (A) V ((H) (L) 10 1 1|0 1 1 0 1 2 7 N T I B
ORA ¢ OR Register (A) = (A)V (1) 10 1 1]/0 s s 8| 1 A 4 T I I IO
ORI OR Immediate (A) = (A) V (byte 2) 11 1 1|0 1 1 0] 2 2 7 (N B O I
RAL Rotate Left through Carry (An + 11— (Ap); (CY) — (A7) o 0o o0 1)j0 1 1 1 1 1 4 - !
(Ag) — (CY)
RAR Rotate Right through Carry (An) = (An + 1); (CY) — (A 00 0 1|1 1 1 1 1 4 !
(A7) — (CY)
RLC Rotate Left (An + 1) = (An); (Ag) — (A7) 00 0 ofo0 1 1 1 1 1 4 !
(CY) — (A7)
RRC Rotate Right (An) — (An=1); (A7) — (Ag) o 0o o of1t 1 1 1 1 i 4 !
(CY) — (Ag)
STC Set Carry ©ey) =1 o o0 1 1|0 1 1 1 1 1 4 E t 1
XRA M Exclusive OR Memory (A) = (A) ¥ ((H) (L) 1 0 1 0f1 1 1 0 1 2 7 i ! 0 0
XRA Exclusive OR Register Al — (A) ¥ (N 10 1 0f1 s s s 1 1 4 N A ) 0
XRI Exclusive OR Immediate (A) — (A) ¥ (byte 2) 11 1 0|1 1 1 0 2 2 7 I A 0
BRANCH GROUP
CALL Call Unconditional ((8P) - 1) — (PCH) 1 1 0 Of1 1 0 1 3 5 17
(8P) -2 — (PCL)
(SP) —(SP) -2
(PC) — (byte 3) (byte 2)
CcC Call on Carry IfCY =1, t 1 0 1|1 1 0 0 3 3/5 11/17
((SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SPYV=(SP) =2
(PC) — (byte 3) (byte 2)
CM Call on Minus Ifs=1, 11 1 1|1 1t 0 0 3 3/5 11/17
((SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SP) — (SP) - 2
(PC) — (byte 3) (byte 2)
CNC Call on No Carry If CY =0, it 1 0 10 1 0 O 3 3/5 |11/17
((SP) - 1) — (PCH)
((SP) - 2) = (PCL) tFfags Not
(SP) — (SP) -2 Atfected)
(PC) — (byte 3) (byte 2)
CNZ Call on Not Zero Ifz=0, 11 0 0|0 1 0 O 3 3/5 11/17
((SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SP) — (SP) - 2
(PC) — (byte 3) (byte 2)
CcP Call on Positive If§=0, 1t 1 1 1|0 1 0 O 3 3/5 11/17
(SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SP) — (SP) -2
(PC) — (byte 3) (byte 2)
CPE Call on Parity Even fP=1, 1t 1 1 01 1 0 O 3 3/5 |11/17
((SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SP) — (SP) - 2
(PC) — (byte 3) (byte 2)
CPO Call on Parity Odd IfP=0, 11 1 0|0 1 0 O i< 3/5 |11/17
((SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SP) — (SP) - 2
(PC) — (byte 3) (byte 2)
Table 3 INSTRUCTION SET (Cont'd)
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MP8080A-I

No. of
OP CODE No. of [Machine| N ©f CONDITION FLAGS
MNEMONIC DESCRIPTION OPERATION Bytes | (M) S:?)es
D7 Dg D5 D4|D3 D2 Dy Do Cycles s [ z]ac] pJcy

BRANCH GROUP (Cont'd)

cz Call on Zero fz=1, 11 0 0 1 1 0 0 3 3/5 1117
((SP) - 1) — (PCH)
((SP) - 2) — (PCL)
(SP) — (SP) - 2
(PC) — (byte 3) (byte 2)

JC Jump on Carry IfCY =1, 11 0 1 1 0 1 0 3 3 10
(PC) — (byte 3) (byte 2)

JM Jump on Minus IfsS=1, 11 1 1 1.0 1 0 3 3 10
(PC) — (byte 3) (byte 2)

JMP Jump Unconditional (PC) — (byte 3) (byte 2) 11 0 0 o o 1 1 3 3 10

JNC Jump on No Carry If CY =0, 11 0 1 0O 0o 1 0 3 3 10
(PC) — (byte 3) (byte 2)

JNZ Jump on Lot Zero IfZ=0, 11 0 0 o 0 1 0 3 3 10
(PC) — (byte 3) (byte 2)

JP Jump on Positive IfS=0, 11 1 1 0o 0 1 0 3 3 10
(PC) — (byte 3) (byte 2)

JPE Jump on Parity Even fP=1, i1 1 0 1 0 1 0 3 3 10
(PC) — (byte 3) (byte 2)

JPO Jump on Parity Odd IfP=0, 11 1 0 0O 0 1 0 3 3 10
(PC) — (byte 3) (byte 2)

Jz Jump on Zero fz=1, 11 0 0 10 1 0 3 3 10
(PC) — (byte 3) (byte 2)

PCHL H and L to Program Counter (PCH) — (H) 11 1 0 1 0 0 1 1 1 5
(PCL) — (L)
If CY =1, i1 0 1 10 0 O 1 1/ /11

RC Return on Carry g T 3 5 (Flags Not
(PCH) — (SP) + 1) Affected)
(SP) — (SP) + 2

RET Return (PCL) — ((SP) 11 0 0 10 0 1 1 3 10
(PCH) — ((SP) + 1)
(SP) — (SP) + 2;

RM Return on Minus £s=1, 11 1 1 1 0 0 O 1 1/3 5/11
(PCL) — (SP)
(PCH) — ((SP) + 1)
(SP) — (SP) + 2

RNC Return on No Carry IfCY =0, 11 0 1 0 0 0 O 1 173 5/11
(PCL) — ((SP)
(PCH) — ((SP) + 1)
(SP) — (SP) +2

RNZ Return on Not Zero I£Z:=0, 11 0 0]jJ0 0 0 O 1 1/3 5/11
(PCL) — ((SP))
(PCH) — ((SP) + 1)
(SP) — (SP) + 2

RP Return on Positive Ifs=0, 11 1 1 0 0 0 O 1 1/3 5/11
(PCL) — ((SP)
(PCH) — ((SP) + 1)
(SP) — (SP) + 2

RPE Return on Parity Even 1fP=1, 11 1 0 1 0 0 O 1 1/3 5/11
(PCL) — ((SP)
(PCH) — ((SP) + 1)
(8P) — (SP) + 2

RPO Return on Parity Odd IfP=0, 111 00 0 0 O 1 1/3 5/11
(PCL) — ((SP)
(PCH) — ((SP) + 1)
(SP) — (SP) + 2

RST Restart ((SP) - 1) — (PCH) 11N NIN 111 : 5 1
((SP) - 2) — (PCL)
(SP) — (SP) - 2
(PC) — 8" (NNN)

RZ Return on Zero 2= 1, 11 0 0f1 0 0 O 1 1/3 5/11
(PCL) — ((SP)
(PCH) — ((SP) + 1)
(SP) — (8P) + 2

Table 3 INSTRUCTION SET (Cont'd)
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MP8080A-I
No. of
- |No. of
OP CODE No. of | Machine CONDITION FLAGS
MNEMONIC DESCRIPTION OPERATION Bytes (M) Sl;tes
D7 D D5 D4[D3 D2 D1 Do Cycles m s[zJac] P Jcy
STACK, 1/0, AND MACHINE CONTROL GROUP
DI Disable Interrupts The Interrupt system is dis- 1t 1 1 110 0 1 1 1 1 4
abled following the execution
of the DI instruction.
El Enable Interrupts The interrupt system is en- 11 1 1 1.0 1 1 1 1 4
abled following the execution
of next instruction
HLT Halt Processor is stopped; registers (0 1 1 1[0 1 1 0 1 1 7
and flags are unaffected
IN Input (A) — (data). 11 0 1 10 1 1 2 3 10
NOP No operation No operation is performed; 0 0 0 OofO0O 0 0 O 1 1 4
registers and flags are un-
affected
ouT Output (data) — (A) 11 0 1 o o0 1 1 2 3 10
POP B Pop Registers B and C off Stack (C) — ((SP) 1t 1 0 0[O0 O 0 1 1 3 10
(B) — ((SP) + 1)
(8P) — (SP) + 2
POP D Pop Registers D and E off Stack (E) — ((SP)) 11 0 10 0 0 1 1 3 10
(D) — ((SP) + 1)
(SP) — (SP) + 2
POP H Pop Registers H and L off Stack (L) — (SP) 11 1 0|0 0 0 1 1 3 10
(H) — (sP) + 1)
(SP) — (SP) + 2
POP PSW Pop Accumulator and Flags off Stack (CY) — ((SP))g 11 1 1 0o 0 0 1 1 3 10 ! 1 1 1
(P) — ((SP))2
(AC) — ((SP))a
(2) — (SP)s
(8) — ((SP)7
(A) = ((SP) + 1)
(SP) — (SP) + 2
PUSH B Push Registers B and C on Stack ((SP) - 1) — (B) 11 0 0|0 1 0 1 1 3 1
((spP) - 2) — (C)
(SP) — (SP) - 2
PUSH D Push Registers D and E on Stack ((sP) - 1) — (D) t 1 0 1]0 1 0 1 1 3 1"
((SP) - 2) — (B)
(SP) — (SP) - 2
PUSH H Push Registers H and L on Stack (SP) = 1) — (H) t 1 1 00 1 0 1 1 3 1
sP) -2 — (L
(SP) —(SP) - 2
PUSH PSW Push Accumulator and Flags on Stack | ((SP) - 1) — (A) T 1 1 1 0o 1 0 1 1 3 1
((SP) - 2)p — (CY)
((SP) - 2)1 —1
((SP) - 2)2 — (P)
((SP)-2)3—10
((SP) - 2)4 — (AC)
(SP) - 2)5 — 0
(SP) - 2)g — (2)
((SP) - 2)7 — (S)
(SP) — (SP) - 2
SPHL Move H and L to Stack Pointer (SP) — (H) (L) 11 11 1 0 0 1 1 1 -1
XTHL Exchange Top of Stack with H and L (L) = (sP) 11 1 0f0 0 1 1 1 5 18
(H) — ((SP) + 1)
NOTES

a. Z=1if(A)=(H L)
CY=1if (A <(H L

b. Z=1if (A =1(n;

CY=1if (A <(n
c. Z=1if (A) = (byte 2);
CY =1if (A) < (byte 2)
d. As if an arithmetic operation

were performed.
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CONDITION FLAGS AND
STANDARD RULES

There are five condition flags associated
with the execution of instructions on the
MPB8080A. They are Zero, Sign, Parity, Car-
ry, and Auxiliary Carry, and each flag is
represented by a 1-bit registerinthe CPU. A
flag is “set” by forcing the bit to 1, “reset” by
forcing the bit to 0. The bit positions of the
flags are indicated in the PUSH and POP
PSW instructions.

Unless indicated otherwise, when an in-
struction affects a flag, it affects it in the
following manner:

ZERO (2) If the result of an instruc-
tion has the value 0, this
flag is set; otherwise, it is
reset.

If the most significant bit of
the result of the operation
has the value 1, this flag is
set; otherwise, it is reset.
If the modulo 2 sum of the
bits of the result of the op-
eration is 0 (that is, if the
result has even parity), this
flag is set; otherwise, it is
reset (that is, if the result
has odd parity).

If the instruction resulted in
a carry (from addition) or a
borrow (from subtraction or
a comparison) out of the
high-order bit, this flag is
set; otherwise, it is reset.

SIGN (S)

PARITY (P)

CARRY (CY)

AUXILIARY
CARRY (AC)  If the instruction caused a
carry outof bit3and into bit
4 of the resulting value, the
auxiliary carry is set; other-
wise, it is reset. This flag is
affected by single-
precision additions, sub-
tractions, increments, de-
crements, comparisons,
and logical operations;
however, AC is used princi-
pally with additions and
increments preceding a
DAA (Decimal Adjust Accu-
mulator) Instruction.

MP8080A-|

SYMBOLS AND ABBREVIATIONS [Symbols [ Meaning
The following symbols and abbreviations PC 16-bit program counter regis-
are used in the subsequent description of ter (PCH and PCL are used to
the MP8080A instructions: refer to the high-order and
- low-order 8 bits respectively.)
Symbols | Meaning SP 16-bit stack pointer register
A Register A (Accumulator) (SPH and SPL are used torefer
B Reg!ster B to the high-order and low-
C Reg!ster C order 8 bits respectively.)
D Reg!ster D () The contents of the memory
H Register H location or registers enclosed
L Register L in the parentheses
DDD, SSS| The bit pattern designating - “Is replaced by”
one of the registers A, B, C, D, A Logical AND
E, H, L (DDD = destination, N4 Exclusive-OR
SS8S = source): V Inclusive-OR
DDD or SSS Register Name + Addition
- Twos complement subtraction
111 A ¥ Multiplication
000 B - “Exchange”
001 c — The ones complement (for ex-
010 D ample, (A)
o1 E n The restart number 0 through 7
100 H NNN | The binary representation 000
101 L through 111 for restart number
0 through 7 resepctively
byte 2 The second byte of the instruc- ° “Not affected”
tion 0 “Reset”
byte 3 The third byte of the instruc- 1 “Set”
tion X Unknown
port 8-bit address of an I/0O device 1 Flags affected according to
r,ri,r2 One of the registers A, B, C, D, Standard Rules, except as
E.HL noted.
PHYSICAL DIMENSIONS
40-LEAD CERAMIC DUAL-IN-LINE PACKAGE (1)
- N ’
O EERORORORDRURDRTRORCRCRCE RO DRORD
RN TR
1 T
L somamn | I
e L Snoerh dune oz _1 it
ORDER NO.
MP80BOA
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PRELIMINARY SPECIFICATION 2651-1

DESCRIPTION OTHER FEATURES PIN CONFIGURATION
The Signetics 2651 PCl is a universal syn- e Internal or external baud rate clock
chronous/asychronous data communica- e 16 internal rates-50 to 19,200 baud IQA PACKAGE
tions controller chip designed for micro- e Double buffered transmitter and re- 0. [T] E 5
computer systems. It interfaces directly to ceiver : :
the Signetics 2650 microprocessorandmay e Full or half duplex operation 0. [2] 27] o,
be used in a polled or interrupt driven sys- e Fully compatible with 2650 CPU AxD [3 ] 26] Ve
tem environment. The 2651 accepts pro- e TTL compatible inputs and outputs eno [3] [55] mxc
grammed instructions from the microproc- e Single 5V power supply ==
essor and supports many serial data e No system clock required ) Bl
communication disciplines, synchronous e 28-pin dual in-line package 0. [€] 23] ATS
and asynchronous, in the full or half-duplex o, [7] 22] bsa
mose: o, [&] [21] ReseT
The PCI serializes parallel data characters APPLICATIONS e [5] 0] sRcLk
received from the microprocessor fortrans- e Intelligent terminals
mission. Simultaneously, itcan receiveseri- ® Network processors &[] ] e
al data and convert it into parallel data ® Front end processors ce [i1] 18] TxEMT/DSCHG
characters for input to the microcomputer. e Remote data concentrators A [12] [77] cTs
The 2651 contains a baud rate generator ¢ Cor.npuler. foi camputerlinks Aw [13] 76] bcD

; ; e Serial peripherals
which can be programmed to either accept AxADY [12] 5] Txmov
an external clock or to generate internal
transmit or receive clocks. Sixteen different

baud rates can be selected under program
control when operating in the internalclock PIN DESIGNATION

mode.
The PCI is constructed using Signetics n- PIN NO. SYMBQL NAME AND FUNGLION TPk
channel silicon gate depletion load technol- 27,28,1,2, 5-8 Do-D7 8-bit:data bus 1/0
ogy and is packaged in a 28-pin DIP. 21 RESET Reset |
12,10 Ao-A1 Internal register select lines |
13 R/W Read or write command |
FEATURES 11 CE Chip enable input I
e Synchronous operation 22 DSR Data set ready |
5 to 8-bit characters 24 DTR Data terminal ready 0
Single or double SYN operation 23 RTS Request to send 0
Internal character synchronization 17 CTS Clear to send |
Transparent or non-transparent mode 16 DCD Data carrier detected I
Automatic SYN or DLE-SYN insertion 18 TxEMT/DSCHG | Transmitter empty or data set change (o]
SYN or DLE stripping 9 T™xC Transmitter clock 1/0
Odd, even, or no parity 25 RxC Receiver clock 1/0
Local or remote maintenance loop 19 TxD Transmitter data (o]
back mode 3 RxD Receiver data |
Baud rate: dc to 0.8M baud (1X clock) 15 TxRDY Transmitter ready (o]
14 RxRDY Receiver ready (0]
] Asynchronous operation 20 BRCLK Baud rate generator clock |
5 to 8-bit characters 26 Vee +5V supply |
1,1 1/2 or 2 stop bits 4 GND Ground I
Odd, even, or no parity
‘Peacrtlitg;overrun and framing error de- ABSOLUTE MAXIMUM RATINGS!
Line break detection and generation PARAMETER RATING UNIT
False start bit detection
Automatic serial echo mode Operating ambient temperature?2 0 to +70 oG
Local or remote maintenance loop Storage temperature -85 to +150 °C
back mode All voltages with respect to ground3 -0.5 to +6.0 v
Baud rate: dc to 0.8M baud (1X clock)
dc to 50k baud (16X clock) PRELIMINARY SPECIFICATION
dc to 12.5k baud (64X clock) Manufacturer reserves the right to make design and process changes and improvements.
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PRELIMINARY SPECIFICATION 2651-1
THEORETICAL ACTUAL
BAUD FREQUENCY | FREQUENCY PERCENT

RATE 16X CLOCK 16X CLOCK ERROR DIVISOR
50 0.8 KHz 0.8 KHz - 6336
75 1.2 1.2 - 4224
110 1.76 1.76 - 2880
134.5 2,152 2.1523 0.016 2355
150 24 2.4 - 2112
300 4.8 4.8 - 1056
600 9.6 9.6 &= 528
1200 19.2 19.2 - 264
1800 28.8 28.8 2 176
2000 32.0 32.081 0.253 158
2400 38.4 38.4 = 132
3600 57.6 57.6 - 88
4800 76.8 76.8 - 66
7200 115.2 115.2 - 44
9600 153.6 153.6 == 33
19200 307.2 316.8 3.125 16

NOTE

16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X.

Table 1 BAUD RATE GENERATOR CHARACTERISTICS
Crystal Frequency = 5.0688MHz

PIN NAME

PIN NO.

INPUT/OUTPUT

FUNCTION

RxRDY

TXxEMT/DSCHG

26

21

10,12
13
1

8,7,6,5,
2,1,28,27
15

14

1/0

+5V supply input

Ground

A high on this input performs a master reset on the 2651. This signal asynchronous-
ly terminates any device activity and clears the Mode, Command and Status regis-
ters. The device assumes the idle state and remains there until initialized with the
appropriate control words.

Address lines used to select internal PCI registers.

Read command when low, write command when high.

Chip enable command. When low, indicates that control and data lines to the PCI
are valid and that the operation specified by the R/W, A1 and Ag inputs should be
performed. When high, places the Do-D7 lines in the tri-state condition.

8-bit, three-state data bus used to transfer commands, data and status between PCI
and the CPU. Do is the least significant bit; D7 the most significant bit.

This output is the complement of Status Register bit SRO. When low, it indicates that
the Transmit Data Holding Register (THR) is ready to accept a data character from
the CPU. It goes high when the data character is loaded. This output is valid only
when the transmitter is enabled. It is an open drain output which can be used as an
interrupt to the CPU.

This output is the complement of Status Register bit SR1. When low, itindicates that
the Receive Data Holding Register (RHR) has acharacter ready for input to the CPU.
It goes high when the RHR is read by the CPU, and also when the receiver is
disabled. It is an open drain output which can be used as an interrupt to the CPU.
This output is the complement of Status Register bit SR2. When low, itindicates that
the transmitter has completed serialization of the last character loaded by the CPU,
or that a change of state of the DSR or DCD inputs has occurred. This output goes
high when the Status Register is read by the CPU, if the TXEMT condition does not
exist. Otherwise, the THR must be loaded by the CPU for this lineto go high. Itisan
open drain output which can be used as an interrupt to the CPU.

Table 2 CPU-RELATED SIGNALS
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PRELIMINARY SPECIFICATION

BLOCK DIAGRAM

2651-1

SYN/DLE CONTROL
DATA BUS DATA BUS
D,_ D, BUFFER
SYN 1 REGISTER
(27,28,1,2,
56.7.8) ? SYN 2 REGISTER
DLE REGISTER
5 OPERATION CONTROL
RESET @)
(12)
A MODE REGISTER 1
A hor MODE REGISTER 2 e
ey TRANSMITTER o 18L. o RRDY
R/W COMMAND REGISTER
- (1)
CcE TAT TER TRANSMIT DATA
9 STATUSIREGISTE HOLDING REGISTER
TRANSMIT 9 TxD
SHIFT REGISTER
LT
BAUD RATE
C (9) GENERATOR y
>
CLOCK CONTROL (14) [r—
— (25) RECEIVER RxRDY
RECEIVE DATA
HOLDING REGISTER
RECEIVE L RxD
BsAR (22) d SHIFT REGISTER
555 (16)
beco o
p— a7 irl—_‘
cTs L -, MODEM
- (23) CONTROL
N (24) - 26)
DTR ——— V¢
IXEMT/ i) e GNB
DSCHG
BLOCK DIAGRAM Timing Modem Control

The PCI consists of six major sections.
These are the transmitter, receiver, timing,
operation control, modem control and
SYN/DLE control. These sections commu-
nicate with each other via an internal data
bus and an internal control bus. The internal
data bus interfaces to the microprocessor
data bus via a data bus buffer.

Operation Control

This functional block stores configuration
and operation commands from the CPU and
generates appropriate signals to various in-
ternal sections to control the overall device
operation. It contains read and write circuits
to permit communications with the micro-
processor via the data bus and contains
Mode Registers 1 and 2, the Command Reg-
ister, and the Status Register. Details of reg-
ister addressing and protocol are presented
in the PCI Programming section of this data
sheet.
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The PCI contains a Baud Rate Generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform datacommuni-
cations. The unit can generate 16 common-
ly used baud rates, any one of which can be
selected for full duplex operation. See Table
1.

Receiver

The Receiver accepts serial data on the RxD
pin, converts this serial input to parallel for-
mat, checks for bits or characters that are
unigue to the communication technique
and sends an “assembled” character to the
CPU.

Transmitter

The Transmitter accepts parallel data from
the CPU, convertsittoaserial bitstream, in-
serts the appropriate characters or bits
(based on the communication technique)
and outputs a composite serial stream of
data on the TxD output pin.

Sifnetics

The modem control section provides inter-
facing for three input signals and three out-
put signals used for “handshaking” and sta-
tus indication between the CPU and a
modem.

SYN/DLE Control

This section contains control circuitry and
three 8-bit registers storing the SYNT,
SYN2, and DLE characters provided by the
CPU. These registers are used in the syn-
chronous mode of operation to provide the
characters required for synchronization,
idle fill and data transparency.

INTERFACE SIGNALS

The PCI interface signals can be grouped
into two types: the CPU-related signals
(shown in Table 2), which interface the 2651
to the microprocessor system, and the
device-related signals (shown in Table 3),
which are used to interface to the communi-
cations device or system.



PRELIMINARY SPECIFICATION

FUNCTION

5.0688MHz clock input to the internal baud rate generator. Not required if external
receiver and transmitter clocks are used.

Receiver clock. If external receiver clock is programmed, this input controls the rate
atwhich the characteris to be received. Its frequency is 1X, 16X or 64X the baud rate,
as programmed by Mode Register 1. Data is sampled on the rising edge of the clock.
If internal receiver clock is programmed, this pin becomes an output at 1X the pro-
grammed baud rate.

Transmitter clock. If external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X the
baud rate, as programmed by Mode Register 1. The transmitted data changes on the
falling edge of the clock. If internal transmitter clock is programmed, this pin be-
comes an output at 1X the programmed baud rate.

Serial data input to the receiver. “Mark” is high, “Space” is low.

Serial data output from the transmitter. “Mark” is high, “Space” is low. Held in Mark
condition when the transmitter is disabled.

General purpose input which can be used for Data Set Ready or Ring Indicator con-
dition. Its complement appears as Status Register bit SR7. Causes a low output on
TXxEMT/DSCHG when its state changes.

Data Carrier Detect input. Must be low in order for the receiver to operate. Its com-
plement appears as Status Register bit SR6. Causes a low output on

TXxEMT/DSCHG when its state changes.

Clear to Send input. Must be low in order for the transmitter to operate.
General purpose output which is the complement of Command Register bit CR1.
Normally used to indicate Data Terminal Ready.

General purpose output which is the complement of Command Register bit CRS.
Normally used to indicate Request to Send.

PIN NAME PIN NO. | INPUT/QUTPUT
BRCLK 20 [
RxC 25 1/0
TxC 9 1/0
RxD 3 [
TxD 19 o]
DSR 22 [
DCD 16 [

TS 17 |

TR 24 o]

RTS 23 o
OPERATION

The functional operation of the 2651 is pro-
grammed by a set of control words supplied
by the CPU. These control words specify
items such as synchronous or asynchro-
nous mode, baud rate, number of bits per
character, etc. The programming procedure
is described in the PC| Programming sec-
tion of this data sheet.

After programming, the PCl is ready to per-
form the desired communications func-
tions. The receiver performs serial to paral-
lel conversion of data received from a
modem or equivalent device. The transmit-
ter converts parallel data received from the
CPU to a serial bitstream. These actions are
accomplished within the framework specifi-
ed by the control words.

Receiver

The 2651 is conditioned to receive data
when the DCD input is low and the RXEN bit
in the command register is true. In the
asynchronous mode, the receiver looks for
a high to low transition of the start biton the
RxD input line. Ifatransition is detected, the
state of the RxD line is sampled again aftera
delay of one-half of a bit time. If RxD is now
high, the search for a valid start bit is begun
again. If RxD is still low, a valid start bit is
assumed and the receiver continues to sam-
ple the input line at one bit time intervals

Table 3 DEVICE-RELATED SIGNALS

until the proper number of data bits, the par-
ity bit, and the stop bit(s) have been assem-
bled. The data is then transferred to the Re-
ceive Data Holding Register, the RxRDY bit
in the status register is set, and the RxRDY
output is asserted. If the character length is
less than 8 bits, the high order unused bits in
the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun
Error status bits are setif required. If a break
condition is detected (RxD is low for the
entire character as well as the stop bit (s ]),
only one character consisting of all zeros
(with the FE status bit set) will be transferred
to the Holding Register. The RxD input must
return to a high condition before a search
for the next start bit begins.

When the PCl is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode. In this mode, as data is shifted into
the Receiver Shift Register a bitatatime, the
contents of the register are compared to the
contents of the SYN1 register. If the two are
not equal, the next bit is shifted in and the
comparison is repeated. When the two re-
gisters match, the hunt mode is terminated
and character assembly mode begins. If
single SYN operation is programmed, the
SYN DETECT status bitis set. If double SYN
operation is programmed, the first charac-
ter assembled after SYN1 must be SYN2 in
order for the SYN DETECT bit to be set.

Siljnotics

Otherwise, the PCI returns to the hunt
mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization).
When synchronization has been achieved,
the PCI continues to assemble characters
and transfer them to the Holding Register,
setting the RxRDY status bit and asserting
the RxRDY output each time a character is
transferred. The PE and OE status bits are
set as appropriate. Further receipt of the ap-
propriate SYN sequence sets the SYN DE-
TECT status bit. If the SYN stripping mode
is commanded, SYN characters are not
transferred to the Holding Register. Note
that the SYN characters used to establish in-
itial synchronization are not transferred to
the Holding Register in any case.

Transmitter

The PCI is conditioned to transmit data
when the CTS input is low and the TXEN
command register bit is set. The 2651 indi-
cates to the CPU that it can acceptacharac-
ter for transmission by setting the TxRDY
status bit and asserting the TxRDY output.
When the CPU writes a character into the
Transmit Data Holding Register, these
conditions are negated. Data is transferred
from the Holding Register to the Transmit
Shift Register when it is idle or has complet-
ed transmission of the previous character.
The TxRDI conditions are then asserted
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again. Thus, one full character time of buf-
fering is provided.

In the asynchronous mode, the transmitter
automatically sends a start bit followed by
the programmed number of data bits, the
least significant bit being sent first. It then
appends an optional odd or even parity bit
and the programmed number of stop bits. If,
following transmission of the stop bits, a
new character is not available in the Trans-
mit Holding Register, the TxD output re-
mains in the marking (high) condition and
the TXxEMT/DSCHG output and its corre-
sponding status bit are asserted. Trans-
mission resumes when the CPU loads a new
character into the Holding Register. The
transmitter can be forced to outputa contin-
uous low (BREAK) condition by setting the
Send Break command bit high.

In the synchronous mode, when the 2651 is
initially conditioned to transmit, the TxD
output remains high and the TxRDY condi-
tion is asserted until the first characterto be
transmitted (usually a SYN character) is
loaded by the CPU. Subsequent to this, a
continuous stream of characters is trans-
mitted. No extra bits (other than parity, if
commanded) are generated by the PCI
unless the CPU fails to send anew character
to the PCI by the time the transmitter has
completed sending the previous character.
Since synchronous communications does
not allow gaps between characters, the PCI
asserts TXEMT and automatically “fills” the
gap by transmitting SYN1s, SYN1-SYN2
doublets, or DLE-SYN1 doublets, depend-
ing on the command mode. Normal trans-
mission of the message resumes when a
new character is available in the Transmit
Data Holding Register. If the SEND DLE bit
in the command register is true, the DLE
character is automatically transmitted prior
to transmission of the message character.

PClI PROGRAMMING

Prior to initiating data communications, the
2651 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. In addi-
tion, if synchronous operation is pro-
grammed, the appropriate SYN/DLE regis-
ters must be loaded. The PCIl can be
reconfigured at any time during program
execution. However, the receiver and trans-
mitter should be disabled if the change has
an effect on the reception or transmission of
a character. A flowchart of the initialization
process appears in Figure 1.

The internal registers of the PCI are ac-
cessed by applying specific signals to the
CE, R/W, A1 and Ag inputs. The conditions
necessary to address each register are
shown in Table 4.
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INITIAL RESET

LOAD
MODE REGISTER 1

LOAD
MODE REGISTER 2

DOUBLE

2651 INITIALIZATION FLOW CHART

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

NOTE

SYN1 Register must be written

before SYN2 can be written, and

SYN2 before DLE can be written.
N

SYNC?

Y |-
LOAD
SYN 2 REGISTER

Y

LOAD
DLE REGISTER

TRANSPARENT
MODE?

LOAD

COMMAND REGISTER

CE A Ao R/W FUNCTION
1 X X X Tri-state data bus
0 0 0 0 Read receive holding register
0 0 0 1 Write transmit holding register
0 0 1 0 Read status register
0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1/2
0 1 0 1 Write mode registers 1/2
0 1 1 0 Read command register
0 1 1 1 Write command register
NOTE

See AC Characteristics section for timing requirements.

Table 4 2651 REGISTER ADDRESSING
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The SYN1, SYN2, and DLE registers are
accessed by performing write operations
with the conditions A1=0,Ao=1,and R/W=
1. The first operation loads the SYN1 regis-
ter. The next loads the SYN2 register, and
the third loads the DLE register. Reading or
loading the mode registers is done in a
similar manner. The first write (or read)
operation addresses Mode Register 1,and a
subsequent operation addresses Mode Reg-
ister 2. If more than the required number of
accesses are made, the internal sequencer
recycles to point at the first register. The
pointers are reset to SYN1 Register and
Mode Register 1 by a RESET input or by
performing a “Read Command Register”
operation, but are unaffected by any other
read or write operation.

The 2651 register formats are summarized
in Tables 5, 6, 7 and 8. Mode Registers 1 and
2 define the general operational charac-
teristics of the PCI, while the Command
Register controls the operation within this
basic frame-work. The PCI indicates its
status in the Status Register. These regis-
ters are cleared when a RESET input is
applied.

Mode Register 1 (MR1)

Table 5 illustrates Mode Register 1. Bits
MR11 and MR10 select the communication
format and baud rate multiplier. 00 specifies
synchronous mode and 1X multiplier. 1X,
16X, and 64X multipliers are programmable
for asynchronous format. However, the
multiplier in asynchronous format applies
only if the external clock input option is
selected by MR24 or MR25.

MR13 and MR12 selecta character length of
5, 6, 7, or 8 bits. The character length does
not include the parity bit, if programmed,
and does not include the start and stop bits
in asynchronous mode.

MR14 controls parity generation. If enabled,
a parity bit is added to the transmitted
character and the receiver performs a parity
check on incoming data. MR15 selects odd
or even parity when parity is enabled by
MR14.

In asychronous mode, MR17 and MR16
select character framing of 1, 1.5, or 2 stop
bits. (If 1X baud rate is programmed, 1.5 stop
bits defaults to 1 stop bits on transmit). In
synchronous mode, MR17 controls the
number of SYN characters used to establish

2651-1

synchronization and for character fill when
the transmitter is idle. SYN1 alone is used if
MR17 = 1, and SYN1-SYN2 is used when
MR17 = 0. If the transparent mode is speci-
fied by MR16, DLE-SYN1 is used for char-
acter fill, but the normal synchronization se-
quence is used.

Mode Register 2 (MR2)

Table 6 illustrates Mode Register 2. MR23,
MR22, MR21, and MR20 control the fre-
quency of the internal baud rate generator
(BRG). Sixteen rates are selectable. When
driven by a 5.0688 MHz input at the BRCLK
input (pin 20), the BRG output has zero error
except at 134.5, 2000, and 19,200 baud,
which have errors of +0.016%, +0.235%, and
+3.125% respectively.

MR25 and MR24 select either the BRG or the
external inputs TxC and RxC as the clock
source for the transmitter and receiver,
respectively. If the BRG clock is selected,
the baud rate factor in asynchronous mode
is 16X regardless of the factor selected by
MR11 and MR10. In addition, the corre-
sponding clock pin provides an output at 1X
the baud rate.

SYNCH: NUMBER
OF SYN CHAR

0 =DOUBLE SYN
1 =SINGLE SYN

SYNCH: TRANS-
PARENCY CONTROL

0 = NORMAL
1=TRANSPARENT

MR17 MR16 MR15 MR14 MR13 MR12 MR11 MR10
Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00 = INVALID 0=0DD 0 = DISABLED 00 =5 BITS 00 = SYNCHRONOUS 1X RATE
01=1STOP BIT 1=EVEN 1= ENABLED 01 =6 BITS 01 = ASYNCHRONOUS 1X RATE
10 =11/2 STOP BITS 10=7 BITS 10 = ASYNCHRONOUS 16X RATE
11 =2 STOP BITS 11 =8 BITS 11 = ASYNCHRONOUS 64X RATE

NOTE

Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected.

Table 5 MODE REGISTER 1 (MR1)

MR27 MR26 MR25 MR24 MR23 MR22 MR21 MR20
Transmitter Receiver Baud Rate Selection
Clock Clock
0= EXTERNAL | 0= EXTERNAL 0000 = 50 BAUD 1000 = 1800 BAUD
NOT USED 1= INTERNAL 1 = INTERNAL 0001 =75 1001 = 2000

0010 = 110 1010 = 2400
0011 =134.5 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 = 600 1110 = 9600
0111 = 1200 1111 = 19,200

Table 6 MODE REGISTER 2 (MR2)

Sifnnetics
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Command Register (CR)

Table 7 illustrates Command Register. Bits
CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. If the transmitter is disabled, it will
complete the transmission of the character
in the Transmit Shift Register (if any) prior to
terminating operation. The TxD output will
then remain in the marking state (high). If
the receiver is disabled, it will terminate
operationimmediately. Any character being
assembled will be neglected.

Bits CR1 (DTR) and CR5 (RTS) control the
DTR and RTS outputs. Data atthe outputsis
the logical complement of the register data.

In asynchronous mode, setting CR3 will
force and hold the TxD output low (spacing
condition) atthe end of the current transmit-
ted character. Normal operation resumes
when CR3 is cleared. The TxD line will go
high for a least one bit time before begin-
ning transmission of the next character in
the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the
transmission of the DLE register contents
prior to sending the character in the Trans-
mit Data Holding Register. CR3 should be
reset in response to the next TxRDY.

Setting CR4 causes the error flags in the
Status Register (SR3, SR4, and SR5) to be
cleared. This bit resets automatically.

The PCI can operate in one of four sub-
modes within each major mode (synchro-
nous or asynchronous). The operational
sub-mode is determined by CR7 and CR6.
CR7-CR6 = 00 is the normal mode, with the
transmitter and receiver operating inde-
pendently in accordance with the Mode and
Status Register instructions.

In asynchronous mode, CR7-CR6 = 01
places the PCl in the Automatic Echo mode.
Clocked, regenerated received data is auto-
matically directed to the TxD line while
normal receiver operation continues. The

transmitter need not be enabled. CPU to
receiver communications continues nor-
mally, but the CPU to transmitter link is
disabled. Only the first character of a break
condition is echoed. The TxD output will go
high until the next valid start is detected.

The following conditions are true while in

Automatic Echo mode:

1. Dataassembled by the receiver is automatically
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD
output.

2. Transmit clock = receive clock.

3. TxRDY output = 1.

4. The TXxEMT/DSCHG pin will reflect only the
data set change condition.

5. The TxEN command (CRO0) is ignored.

In synchronous mode, CR7-CR6 = 01
places the PCI in the Automatic SYN/DLE
Stripping mode. The exact action taken
depends on the setting of bits MR17 and
MR16:

1. In the non-transparent, single SYN mode
(MR17-MR16 = 10), characters in the data
stream matching SYN1 are not transferred to
the Receive Data Holding Register (RHR).

2. In the non-transparent, double SYN mode
(MR17-MR16 = 00), characters in the data
stream matching SYN1, or SYN2if immediately
preceded by SYNT1, are not transferred to the
RHR. However, only the first SYN1 of an SYN1-
SYN1 pair is stripped.

3. In transparent mode (MR16 =1), characters in
the data stream matching DLE, or SYN1 if
immediately preceded by DLE, are not trans-
ferred to the RHR. However, only the first DLE
of a DLE-DLE pair is stripped.

Note that Automatic Stripping mode does
not affect the setting of the DLE Detect and
SYN Detect status bits (SR3 and SR5).

Two diagnostic sub-modes can also be
configured. In Local Loop Back mode
(CR7-CR6 = 10), the following loops are
connected internally:

1. The transmitter output is connected to the
receiver input.

2. DTR is connected to DCD and RTS is connect-

3. Receive clock = transmit clock.
4. The DTR, RTS and TxD outputs are held high.

5. The CTS, DCD, DSR and RxD inputs are ig-
nored.

Additional requirements to operate in the
Local Loop Back mode are that CRO (TXEN),
CR1 (DTR), and CR5 (RTS) must be setto 1.
CR2 (RxEN) is ignored by the PCI.

The second diagnostic mode is the Remote
Loop Back mode (CR7-CR6 = 11). In this
mode:

1. Dataassembled by the receiver is automatically
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD
output.

. Transmit clock = receive clock.

3. No data is sent to the local CPU, but the error

status conditions (PE, OE, FE) are set.

4. The RxRDY, TxRDY, and TXEMT/DSCHG out-

puts are held high.

5. CR1 (TxEN) is ignored.

6. All other signals operate normally.

n

Status Register

The data contained in the Status Register
(as shown in Table 8) indicate receiver and
transmitter conditions and modem/data set
status.

SRO is the Transmitter Ready (TxRDY) sta-
tus bit. It, and its corresponding output, are
valid only when the transmitter is enabled. If
equal to 0, it indicates that the Transmit
Data Holding Register has been loaded by
the CPU and the data has not been trans-
ferred to the Transmit Shift Register. If set
equal to 1, it indicates that the Holding
Register is ready to accept data from the
CPU. This bitis initially set when the Trans-
mitter is enabled by CRO, unless a character
has previously been loaded into the Holding
Register. It is not set when the Automatic
Echo or Remote Loop Back modes are
programmed. When this bit is set, the
TxRDY output pin is low. In the Automatic
Echo and Remote Loop Back modes, the

receiver must be enabled (CR2 = 1), but the ed to CTS. output is held high.
CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
. Request to Receive Data Terminal Transmit
Operating Mode Send Resol Errar Control (RXEN) | Ready Control (TXEN)
ASYNCH:
00 = NORMAL OPERATION 0= NORMAL FORCE BREAK
01 = ASYNCH: AUTOMATIC 0 =FORCE RTS| 1 = RESET 0 = NORMAL 0 = DISABLE 0= FORCE DTR 0 = DISABLE
ECHO MODE OUTPUT HIGH | ERROR FLAG 1=FORCE 1=ENABLE | OUTPUT HIGH | 1=ENABLE
SYNCH: SYN AND/OR 1= FORCE RTS | IN STATUS REG BREAK 1 = FORCE DTR
DLE STRIPPING MODE OUTPUT LOW | (FE, OE, - OUTPUT LOW
10 = LOCAL LOOP BACK PE/DLE DETECT) | SYNCH:
11 = REMOTE LOOP BACK SEND DLE
0 = NORMAL
1 =SEND DLE
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SR7 SR6 SRS SRa SR3 SR2 SR1 SRO
D::’a dsye' Da'ge?;’: ier | FE/SYN Detect Overrrun PE/DLE Detect | TXEMT/DSCHG RXRDY TXRDY
0=DSR INPUT | 0 = DCD INPUT | ASYNCH: 0= NORMAL 0=NORMAL |0=RECEIVE | 0=TRANSMIT
IS HIGH IS HIGH 0—NORMAL | 1=OVERRUN | ASYNCH: 1=CHANGE | HOLDING REG | HOLDING
1=DSR INPUT | 1=DCD INPUT | 1 — FRAMING ERROR 0= NORMAL | INDSROR EMPTY REG BUSY
IS LOW IS LOW ESBGR f— PARFIY BCD, OR 1= RECEIVE 1= TRANSMIT
P 1Ll TRANSMIT HOLDING REG | HOLDING
: SHIFT REGIS- | HAS DATA REG EMPTY
0 = NORMAL SYNCH: TER IS
1=S8YN CHAR 0 = NORMAL EMPTY
DETECTED 1= PARITY
ERROR
OR
DLE CHAR
RECEIVED

SR1, the Receiver Ready (RXRDY) status bit,
indicates the condition of the Receive Data
Holding Register. If set, it indicates that a
character has been loaded into the Holding
Register from the Receive Shift Register and
is ready to be read by the CPU. If equal to
zero, there is no new character in the Hold-
ing Register. This bit is cleared when the
CPU reads the Receive Data Holding Regis-
ter or when the receiver is disabled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR2, when set,
indicates either achange of state of the DSR
or DCD inputs or that the Transmit Shift
Register has completed transmission of a
character and no new character has been
loaded into the Transmit Data Holding Reg-
ister. Note that in synchronous mode this bit
will be set even though the appropriate “fill”
character is transmitted. It is cleared when
the transmitter is enabled by CRO and does
not indicate transmitter condition until at

Table 8 STATUS REGISTER (SR)

least one character is transmitted. It is also
cleared when the Status Register is read by
the CPU. When SR2 is set, the TxEMT/-
DSCHG output is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16 = 1),
with parity disabled, it indicates that a char-
acter matching the DLE Register has been
received. However, only the first DLE of two
successive DLEs will set SR3. This bit is
cleared when the receiver is disabled and by
the Reset Error command, CR4.

The Overrun Error status bit, SR4, indicates
that the previous character loaded into the
Receive Holding Register was not read by
the CPU at the time a new received charac-
ter was transferred into it. This bit is cleared
when the receiver is disabled and by the
Reset Error command, CR4.

In asynchronous mode, bit SR5 signifies
that the received character was not framed
by the programmed number of stop bits. (If
1.5 stop bits are programmed, only the first
stop bit is checked.) In synchronous non-
transparent mode (MR16 = 0), it indicates
receipt of the SYN1 character is single SYN
mode or the SYN1-SYN2 pairin double SYN
mode. In synchronous transparent mode
(MR16 = 1), this bit is set upon detection of
the initial synchronizing characters (SYN1
or SYN1-SYN2) and, after synchronization
has been achieved, when a DLE-SYN1 pair
is received. The bit is reset when the receiv-
er is disabled, when the Reset Error com-
mand is given in asynchronous mode, and
when the Status Register is read by the CPU
in the synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs respectively. A low
input sets its corresponding status bitand a
high input clears it.

DC ELECTRICAL CHARACTERISTICS Ta=0°Cto70°C, Vcc = 5.0V + 5% 458

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage \Y
ViL Low 0.8
VIH High 2.0
Output voltage "
VoL Low loL = 1.6mA 0.25
VoH High lon = -100uA 2.8
L Input load current ViN =0 to 5.5V 10 uA
Tristate Output leakage current uA
ILH Data bus high Vo = 4.0V 10
I Data bus low Vo = 0.45V 10
Icc Power supply current 90 mA
PRELIMINARY SPECIFICATION
Manufacturer reserves the right to make design and process changes and improvements.
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CAPACITANCE Ta=25°C, Vcc =0V
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Capacitance pF
CiN Input 20
fc = 1MHz
Cout Output Unmeasured pins tied 20
to ground
Cio Input/Output 20
PRELIMINARY SPECIFICATION
Manufacturer reserves the right to make design and process changes and improvements.
AC ELECTRICAL CHARACTERISTICS Ta=0°Cto+70°C, Vcc = 5.0V +5%456
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Pulse width ns
tRES Reset 1000
tce Chip enable 200
Setup and hold time ns
tas Address setup 10
tAH Address hold 10
tcs R/W control setup 10
tcH R/W control hold 10
tos Data setup for write 150
tDH Data hold for write 80
trRxs Rx data setup 150
tRXH Rx data hold 280
too Data delay time for read CL = 100pF 180 ns
tor Data bus floating time for read CL = 100pF 70 ns
Input clock frequency MHz
fBrG Baud rate generator 5.0637 | 5.0688 | 5.0738
fR/T TxC or RxC dc 1.0
Clock state ns
tBRH Baud rate high 90
tBRL Baud rate low 90
tR/TH TxC or RxC high (duty cycle) 44% 50% 56%
tR/TL TxC or RxC low (duty cycle) 44% 50% 56%
trxp TxD delay from falling edge of TxC CL = 100pF 300 ns
trcs Skew between TxD changing and falling CL = 100pF 0 ns
edge of TxC output8

NOTES

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or at any other
condition above those indicated in the operation section of this specification is not implied.

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum
junction temperature and thermal resistance of 60°C/W junction to ambient (IQ ceramic package).

3. This product includes circuitry specifically designed for the protection of its internal devices from the
damaging effects of excessive static charge. Nonetheless, it is suggested that conventional precau-
tions be taken to avoid applying any voltages larger than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified.

5. All voltage measurements are referenced to ground. All time measurements are at the Vow, Vo, ViH,
ViL levels as appropriate.

6. Typical values are at +25°C, typical supply voltages and typical processing parameters.

7. TxRDY, RxRDY and TXxEMT/DSCHG outputs are open drain.

8. Parameter applies when internal transmitter clock is used.

PRELIMINARY SPECIFICATION

Manufacturer reserves the right to make design and process changes and improvements.
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TIMING DIAGRAMS

2651-1

RESET CLOCK
< !BRH — ™| !BRL T
it WL ="
RESET 4 \ / \
<~—— tpes — BRCLK. TxC n’xc_./ \——.—j
'BRG
R/t
TRANSMIT RECEIVE
1BIT TIME
[
(116, OR 64 CLOCK PERIODS)
TxC \ ¢ \ ~
(INPUT) N N —_——— S
(o RxD
N e s o = ——— - ——— - — i —— 4
—_—— = | tRXS | tRXH |
TxD
— N i o i RxC (1X) m
—| tyyp [*=— — t1xp |[*—
==t7E5
T™>C
(OUTPUT)

D,-D,
(WRITE)

Dy-D;
(READ)

READ AND WRITE

tcE
—_————————— -
AA, x x
—_———t
IAS_' -— lAH—> -
—————— e
R/W
—— d
== toH— -—

-

BUS
FLOATING

X

BUS FLOATING

-—

NOT
VALIS X DATA VALID X
oD —" —| tDOF

-
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TIMING DIAGRAMS

(Cont'd)

SYNCHRONOUS MODE

ASVNCHRON\OUS MODE

TxRDY, TXEMT

(Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode| )

TxC (I1X)
112131415 112131415111 21314151 1] 2]3]147]5 1121314115
TxD DATA 1 DATA 2 DATA 3 SYN 1 DATA 4
TXEN | | | |
| | | |
| | | |
TXRDY | ! /
|
\
\
TXEMT al
——d
CE FOR
A A A 4
OF THR
DATA 1 DATA 2 DATA 3 DATA 4
<«—— pD——» A 1,2,3,4,5,8B C Ay 1,2;,3,4,;,5,B C Aj;1;2,3,4,5;B C *—D—» A3 1,2,
TxD I DATA 1 I I l DATA 2 I patas | I | DATA 4 S
.
1
[ | | [
TXEN | | | | |
| | | |
TxRDY I
\ o
TaEmT \ [ ﬁ
CE FOR
N & i
OF THR
DATA 1 DATA 2 DATA 3 DATA 4
NOTES
A = Start bit
B = Stop bit 1
C = Stop bit2
D = TxD marking condition

TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.
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TIMING DIAGRAMS (Cont'd)

2651-1

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode| )
RxC
p Ry By & Ay R By Wy iy Ny 2y By Bl T Ry R S RN A S IR B
RxD SYN1 DATA 1 DATA 2 ] DATA 3 DATA 4 DATA S
T | -
i ! IGNORED >
RXEN I
w 1
a |
(=} i
21 svnper J——'L 3
S | sTatus BIT t ;
3 i
2 1
o '
o
- o
2 | RxROY \
£
’ S
U ¥ DO e
READ i
READ READ READ READ READ READ
STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
D
€« > A | 1) 2|3)4]5]|BjC Al 1]2]34|5|]BJC|—|Dj— A 1]2|]3]4]5|8]
+
RxD DATA 1 j‘ DATA 2 DATA 3
; H
w 1 i
a 1 1
2| Rxen ] ! '
@ H
=2 1
[} i
g i
z |
o S
I | RxRDY
o
z
F2
1]
<
OVERRUN
STATUS BIT
CE FOR
READ
READ READ
RHR RHR
(DATA 1) (DATA 3)
NOTES
A = Start bit
B Stop bit 1
C = Stop bit2
D = TxD marking condition
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TYPICAL APPLICATIONS

ASYNCHRONOUS INTERFACE TO CRT TERMINAL

ADDRESS BUS

CONTROL BUS

L

\ DATA BUS /
r-————7— a
B | =] EIA TO TTL
| CONVERT
(OPT)
™ f———»| P
2651 [ 1 /
5.0688 MH
BRCLK | OSCILLATOR ERMINAL
ASYNCHRONOUS INTERFACE TO TELEPHONE LINES
V ADDRESS BUS
L CONTROL BUS
g DATA BUS J
AxD
2651
TxD > -
_ PHONE
DSR jO——— LINE
o ASYNC INTER- ]
DTR jO————» MODEM FACE
CTS O
RTS O————»{
DCD
BRCLK 5, iz
OSCILLATOR
TELEPHONE
LINE
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TYPICAL APPLICATIONS (Contd

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

.

ADDRESS BUS S

|

CONTROL BUS 5

B

1

( DATA BUS g
|
|
RxD
2651 TxD
— SYNCHRONOUS
RxC TERMINAL
OR PERIPHERAL
TxC | DEVICE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

ADDRESS BUS

CONTROL BUS \

DATA BUS g

RxD

2651
TxD > -
_ PHONE
Sl LINE
‘s INTER-
T>C FACE

SYNC

5cplo<e MODEM
CTs O<*——

TELEPHONE
LINE
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DESCRIPTION

The 2652 Multi-Protocol Communications
Controller (MPCC) is a monolithic n-
channel MOS LSl circuitthat formats, trans-
mits and receives synchronous serial data
while supporting bit-oriented or byte con-
trol protocols. The chip is TTL compatible,
operates from a single +5V supply, and can
interface to a processor with an 8 or 16-bit
bidirectional data bus.

FEATURES
e DC to 500K bps data rate
® Protocol management
Bit-oriented protocols (BOP): SDLC,
ADCCP, HDLC
Byte-control protocols (BCP): BI-SYNC,
DDCMP
® Programmable operation
8 or 16-bit tri-state data bus
Protocol selection—BOP or BCP
Error control—CRC or VRC or no error
check
Character length—1 to 8 bits for BOP
or 5 to 8 bits for BCP
SYNC or secondary station address
comparison for BCP-BOP
Idle transmission of SYNC/FLAG or
MARK for BCP-BOP

BLOCK DIAGRAM

® Automatic detection and generation of
special BOP control sequences, i.e.,
FLAG, ABORT, GA

e Zero insertion and deletion for BOP

e Short character detection for last BOP
data character

® SYNC generation, detection, and strip-
ping for BCP

* Maintenance Mode for self-testing

e Common parameter control registers

* |ndependent status and data registers for
receive and transmit

o Status indicator signals can be used as
CPU interrupts

e TTL compatible

® 40-pin package

e Single +5V supply

APPLICATIONS

Intelligent terminals

Line controllers

Network processors

Front end communications
Remote data concentractors
Communication test equipment
Computer to computer links

2652-1

PIN CONFIGURATION

IWA PACKAGE

ce [ 40] mm

axc [2] 39] Txc

axst 2] 58] 1xsa
sk 2] 137] 1ee

RxA E E TxU
axpa [6] [35] Txee
mxsa (7] 32] Txa

axe [2] [33] peser
ano [0 32] vee

pBog {10 _3__1| DB00
pBog |11 [30] oot
pe10 |12 [29] bBo2
et [13] 28] DpBo3
pBi2 [14 E DB04
pB13 |15 E DBOS
pB14 [16 [25] bBos
psis 17 [24] oBo7
R/w [18 23] pBEN
A2 |19 22] Byre
A1 (20 [21] Ao

NOTE
00 is least significant bit, highest number (that is,
DB15, A2) is most significant bit.

] 16 BITS: ~<~—8 BITS—>
Vgt
P PARAMETER CONTROL PARAMETER
o S — MReaister | "o recisten | " C b
DBAg BUFFER REGISTER REGISTER
1
’ ﬂ ﬁ
RECEIVER TRANSMITTER
DATA/STATUS RDSR DATA/STATUS TDSR
REGISTER REGISTER
4 42
RESET
MM
INTERNAL
[~  BUS Ap 18 1r*
A2-A ——
READ/
BYTE—=| WRITE
LOGIC J L
R/W —>{ AND
CONTROL
CE =] RECEIVER TRANSMITTER
LOGIC AND LOGIC AND
D BEN —— CONTROL CONTROL
-~
S/F T
RxE
RxA
RxDA RxC RxSI TxC TxSO
RXSA
TxE
TxA
TxBE
TxU
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PIN DESIGNATION

MNEMONIC | PIN NO. TYPE NAME AND FUNCTION
DB15-DB00 17-10 1/0 Data Bus: DB07-DB00 contain bidirectional data while DB15-DB08 contain control and status
24-31 information to or from the processor. Corresponding bits of the high and low order bytes can be

WIRE OR’ed onto an 8-bit data bus.

A2-A0 19-21 | Address Bus: A2-A0 select internal registers. The four 16-bit registers can be addressed on a
word or byte basis. See Register Address section.

BYTE 22 | Byte: Single byte (8 bit) data bus transfers are specified when this input is high. A low level
specifies 16 bit data bus transfers.

CE 1 | Chip Enable: A high input permits a data bus operation when DBEN is activated.

R/W 18 | Read/Write: R/W controls the direction of data bus transfer. When high, the data is to be loaded

into the addressed register. A low input causes the contents of the addressed register to be
presented on the data bus.

DBEN 23 | Data Bus Enable: After A2-A0, CE, BYTE and R/W are set up, DBEN may be strobed. During a
read, the tri-state data bus (DB) is enabled with information for the processor. During a write, the
stable data is loaded into the addressed register and TxBE will be reset if TDSR was addressed.

RESET 33 | Reset: A high level initializes all internal registers and timing.

MM 40 | Maintenance Mode: MM internally gates TxSO back to RxSI and TxC to RxC for off line
diagnostic purposes. The RxC input is disabled when MM is asserted.

RxE 8 | Receiver Enable: A high level input permits the processing of RxSI data. A low level disables the

receiver logic and initializes all receiver registers and timing.

RxA § (0] Receiver Active: RxA is asserted when the first data character of a message is ready for the

. processbr. In the BOP mode this character is the address. The received address must match the
secondary station address if the MPCC is a secondary station. In BCP mode, if strip-SYNC
(PCSAR13) is set, the first non-SYNC character is the first data character; if strip-SYNC is zero,
the character following the second SYNC is the first data character. In the BOP mode, the closing
FLAG resets RxA. In the BCP mode, RxA is reset by a low level at RxE.

RxDA” 6 F.2) Receiver Data Available: RxDA is asserted when an assembled character is in RDSRL and is
ready to be presented to the processor. This output is reset when RDSR_ is read.

RxC 2 I Receiver Clock: RxC(1X) provides timing for the receiver logic. The positive going edge shifts
serial data into the RxSR from RxSI.

S/F 4 0] SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is
detected.

RxSA* 7 (0] Receiver Status Available: RxSA is asserted when there is a zero to one transition of any bit in
RDSRH except for RSOM. It is cleared when RDSRH is read.

RxSI 3 | Receiver Serial Input: RxSl is the received serial data. Mark = ‘1', space = '0".

TxE 37 | Transmitter Enable: A high level input enables the transmitter data path between TDSR(_ and

TxS0. At the end of a message, a low level input causes TxS0 = 1 (mark) and TxA = 0 after the
closing FLAG (BOP) or last character (BCP) is output on TxS0.

TxA 34 O Transmitter Active: TxA is asserted when TxE is high and TSOM (TDSRg) is set. This output will

reset when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on
TxSO0.

TxBE* 35 O Transmitter Buffer Empty: TxBE is asserted when the TDSR is ready to be loaded with new
control information or data. The processor should respond by loading the TDSR which resets
TxBE.

TxU* 36 O Transmitter Underrun: TxU is asserted during atransmit sequence when the service of TxBE has
been delayed for more than one character time. This indicates the processor is not keeping up
with the transmitter (TxS0 depends on PCSAR11). TxU is reset by RESET or setting of TSOM

(TDSRs).

TxC 39 | Transmitter Clock: TxC (1X) provides timing for the transmitter logic. The positive going edge
shifts data out of the TxSR to TxS0.

TxSO 38 (o] Transmitter Serial Output. TxSO0 is the transmitted serial data. Mark = ‘1', space = ‘0".

Vce 32 | +5V: Power supply.

GND 9 | Ground: 0V reference ground.

*Indicates possible interrupt signal.
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REGISTERS NO. OF BITS DESCRIPTION*
Addressable
PCSAR Parameter Control Sync/Address Register 16 PCSARH and PCR contain parameters common to
PCR Parameter Control Register 8 the receiver and transmitter. PCSARL contains a
programmable SYNC character (BCP) or secondary
station address (BOP).
RDSR Receive Data/Status Register 16 RDSRH contains receiver status information. RDSRL
= RxDB contains the received assembled character.
TDSR Transmit Data/Status Register 16 TDSRH contains transmitter command and status
information. TDSRL = TxDB contains the received
assembled character.
Internal
CCSR Control Character Shift Register 8 These registers are used for character assembly
HSR Holding Shift Register 16 (CCSR, HSR, RxSR), disassembly (TxSR), and CRC
RxSR Receiver Shift Register 8 accumulation/generation (RXCRC, TxCRC).
TxSR Transmitter Shift Register 8
RxCRC Receiver CRC Accumulation Register 16
TxCRC Transmitter CRC Generation Register 16
NOTE
*H = High byte - bits 15-8
L= b - bits 7-0
Fortyle Shi Table 1 GLOSSARY
CHARACTER DESCRIPTION OPERATION BIT PATTERN FUNCTION
FCS Frame Check Sequence is BOP
transmitted/received as 16 FLAG 01111110 Frame message
bits following the last data ABORT 11111111 generation Terminate communication
character of a BOP message 01111111 detection )
and is usually CRC-CCITT GA 01111111 Terminate loop mode repeater
(X16 + X12 + X5 +1) with divi- function
dend preset to 1’s. Address (PCSARD)1 Secondary station address
BCC Block Check Character is BCP
transmitted/received as two SYNC (PCSARL) or (TxDB)2 Frame message
successive characters fol- generation

lowing the last data charac-
ter of a BCP message. Either,
CRC-16 (X16 + X15 + X2 + 1)
with dividend preset to 0’s or
LRC (X8 + 1) as computed by
the processor, is polynomial.

NOTES

1. (e<) refers to contents of o<
2. ForIDLE =0 or 1 respectively

Table 3 SPECIAL CHARACTERS

CRC-16 is used with 8-bit
EBC DIC. LRC is used with
7-bit ASCII in conjunction
with VRC. The CRC-16 is
computed on all characters
beginning with the first non-
sync character at the start of
the message.

Table 2 ERROR CONTROL

FUNCTIONAL DESCRIPTION

The MPCC can be functionally partitioned TDSR

into receiver logic, transmitter logic, regis-
ters that can be read or loaded by the pro-
cessor, and data bus control circuitry. The

PCSAR I ABA IPROTO

NOTE
Refer to Register Formats for mneumonics and description.

SHORT FORM REGISTER BIT FORMATS

15 14 13

1 10 9 8 7 6 5 4 3 2 1 0

SS/GA | SAM

IDLE |

15 14

15 14 13

13 12 11 10
R
X X
C, c RxCL
[reuf "o |
12 11 10 9

8

Al
I A B C I ROR RG:/ I REOM RSOM RxDB ]
15 14 13 12 10 9 8
TERR NOT DEFINEDI TGA TABORT | TEOM | TsOM TxDB —I

Figure 1

MPCC block diagram is shown in Figure 1
while the receiver and transmitter data
paths are depicted in Figures 2 and 3.
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2652-1
MPCC RECEIVER DATA PATH
BCP » CRC TO
RDSR |
BOP « CRC
BCP * CRC
8 1 8
RySI [
CCSR (8) HSR (16) u RxSR (8)
X
l BOP « CRC
EROM SYNC/FLAG ZERO (BOP) ZERO
XMITTER COMPARATOR = DELETION [—= DELETION
LOGIC CONTROL
MM P PARITY (BCP)
L LoGIC
S/F M cnc-1g(5c9) CRC-16 = 0 I+ RERR
v RXCRC ACC S COMPARATOR
s X x ERGCCIm, CRC-CCITT = FOB8
(BOP)
RESET ———
RxE——— RECEIVER
RxA =—il CONTROL
RXDA +———— Logic
RXSA =—
RxC
Figure 2
MPCC TRANSMITTER DATA PATH
FROM
TDSR, OR PCSAR (SYNC)
RESET —
SYNC
TxSO
e FF
TRANS- Txsh)(8)
TAe— | MITTER
CONTROL —
LOGIC
TXBE +—— ] DELAY
™y -
M BOP
u ZERO
X INSERTION ZERO
TxCRC ACC (16) LOGIC INSERTION
CRC-16 OR CRC-CCITT CONTROE
TSEL
NOTE BCP
L PARITY
GENERATION
TxC
CONTROL
CHARACTER
GENERATOR
FLAG ABORT  GA
NOTES
1. TxCRC selected if TEOM =1 and the last data character has been shifted out of TxSR
2. In BCP, parity selected will be generated after each character is shifted out of TxSR
Figure 3
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RECEIVER OPERATION

General

After initializing the parameter control re-
gisters (PCSAR and PCR), the RxE input
must be set high to enable the receiver data
path. The serial data on the RxSI is syn-
chronized and shifted into an 8-bit Control
Character Shift Register (CCSR) on the
rising edge of RxC. A comparison between
CCSR contents and the FLAG (BOP) or
SYNC (BCP) character is made until a match
is found. At that time, the S/F output is
asserted for one RxC time and the 16-bit
Holding Shift Register (HSR) is enabled. The
receiver then operates as described below.

BOP Operation

A flow chart of receiver operation in BOP
mode appears in Figure 4. Zero deletion
(after five ones are received) isimplemented
on the received serial data so that a data
character will not be interpreted as a FLAG,
ABORT, or GA. Bits following the FLAG are
shifted through the CCSR, HSR, and into
the Receiver Shift Register (RxSR). A char-
acter will be assembled in the RxSR and
transferred to the RDSRL for presentation to
the processor. At that time the RxDA output
will be asserted and the processor must take
the character before the next character is
assembled in the RxSR. If not, an overrun
(RDSR11 = 1) will occur and succeeding
characters will be lost.

The firstcharacter following the FLAG is the
secondary station address. If the MPCC is a
secondary station (PCSAR12 = 1), the con-
tents of RxSR are compared with the add-
ress stored in PCSARL. A match indicates
the forthcoming message is intended for the
station; the RxA output is asserted, the
character is loaded into RDSR(, RxDA is
asserted and the Receive Start of Message
bit (RSOM) is set. No match indicates that
another station is being addressed and the
receiver searches for the next FLAG.

If the MPCC is receiving data from a secon-
dary station (PCSAR12 = 0), no secondary
address check is made; RxA is asserted and
RSOM is set once the first non-FLAG char-
acter has been loaded into RDSRL and
RxDA has been asserted.

When the 8 bits following the address char-
acter have been loaded into RDSRL and
RxDA has been asserted, RSOM will be
cleared. The processor should read this 8-
bit character and interpret it as the Control
field.

Received serial data that follows is read and
interpreted as the Information field by the
processor. It will be assembled into charac-
ter lengths as specified by PCRg-10. As
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BOP RECEIVE
PROCESSOR @
RAE=1 — o
*TEST MADE AFTER
8 RxC TIMES
S/F=1 YES
FOR ONE RxC
BIT TIME
NO
ASSEMBLE CHARACTER (1) OVERRUN (ROVRN)
IN RxSR, ZERO DELETION, CAUSES LOSS
ACCUMULATE CRC IF OF SUBSEQUENT
SPECIFIED CHARACTERS
iS
IT 1st
CHARACTER
AFTER FLAG
T
SECONDARY
YES  STATION
ADDRESS
IS
CHARACTER
YES = PCSAR|
(PCSAR;; = 1) ?
START OF NO YES
MESSAGE (PCSAR,; = 0)
RxA = 1
RSOM = 1
FOR ONE
CHARACTER TIME
| RxSR - RxDB I
RxDA = 1
(PROCESSOR SHOULD
READ RxDB)
RECEIVER'
STATUS BIT
S)0 ~1EXCEPT, NO
RSOM
RXSA = 1
(PROCESSOR SHOULD ~——
READ AND EXAMINE
RDSRy -~ REOM, RAB/GA,
ROVRN, ABC, RERR)
‘f NO NO
REOM = 1, RxA = 0 =— YES—END OF MESSAGE YES
S/F = 1 FOR ONE RxC BIT TIME o
Figure 4

before, RxDA is asserted each time a char-
acter has been transferred into RDSRL and
is cleared when RDSRL is read by the pro-
cessor. RxSA is asserted when there is a
zero to one transition for any bit in RDSRH
except for RSOM. RxSA and all bits in
RDSRH except RSOM are cleared when
RDSRH isread. The processor should check
RDSRg-15 each time RxSA is asserted. If
RDSRg is set, then RDSR12-15 should be
examined.

Receiver character length may be changed
dynamically in response to RxDA: read the
character in RxDB and write the new char-

Sifnotics

acter length into RxCL. The character
length will be changed on the next RxC
positive going edge.

The CRC-CCITT, if specified by PCSARsg-
10, is accumulated in RxCRC on each char-
acter following the FLAG. When the closing
FLAG is detected in the CCSR, the received
CRC is in the 16-bit HSR. At that time, the
Receive End of Message bit (REOM) will be
set; RxSA and RxDA will be asserted. The
processor should read the last data charac-
ter in RDSRL and the receiver status in
RDSRg-1s. If RDSR15 = 1, there has been a
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transmission error; the accumulated CRC-
CCITT is incorrect. If RDSR12-14 # 0, the
last data character is not of prescribed
length. Neither the received CRC nor clos-
ing FLAG are presented to the processor.
The processor may drop RxE or leave it
active at the end of the received message.

BCP Operation

The operation of the receiver in BCP mode
is shown in Figure 5. The receiver initially
searches for two successive SYNC charac-
ters, of length specified by PCRg-10, that
match the contents of PCSARL. The next
non-SYNC character or next SYNC charac-
ter if stripping is not specified (PCSAR13 =
0), causes RxA to be asserted and enables
the receiver data path from CCSR through
HSRL to RxSR. All characters following the
first non-SYNC are assembled in RxSR and
loaded into RDSRL. RxDA is active when a
character is available in RDSRL. RxSA is
active on a 0 to 1 transition of any bit in
RDSRH. The signals are cleared when
RDSRL or RDSRH are read respectively.

If CRC-16 error control is specified by
PCSARs-10, the processor must determine
the last character received prior to the CRC
field. When that character is loaded into
RDSRL and RxDA is asserted, the received
CRC will be in CCSR and HSRL. To check
for a transmission error, the processor must
read the receiver status (RDSRH) and exa-
mine RDSR1s. This bit will be set for one
character time if an error free message has
been received. If RDSR15=0, the CRC-16is
in error. Note that this bit should be exa-
mined only at the end of a message and that
the accumulated CRC will include all char-
acters starting with the first non-SYNC
character at the start of the message. In
particular, SYNC’s in the middle of a
message, DLE characters, and the first SOH
or STX after line turn around are subject to
CRC.

If VRC had been selected for error control,
parity (odd or even) is regenerated on each
character and check with the parity bit
received. A discrepancy causes RDSR15 to
be set and RxSA to be asserted. This must
be sensed by the processor. The received
parity bit is stripped before the character is
presented to the processor. The processor
should compute and check LRC if required.

When the processor has read the last char-
acter of the message, it should drop RXE
which disables the receiver logic and initial-
izes all receiver registers and timing.

2652-1

PROCESSOR

S/F= 1FOR

ONE RxC BIT TIME %

RxA =1

BCP RECEIVE

DETECT" IN
CCSR?

STRIP
SYNC (PCSAR;)
=17

ASSEMBLE CHARACTER
IN RxSR, STRIP VRC IF
SPECIFIED, ACCUMULATE
CRC IF SPECIFIED

(1) SYNC'S ARE ASSEMBLED

(2) OVERRUN (ROVRN) CAUSES
LOSS OF SUBSEQUENT
CHARACTERS

RxDA = 1
(PROCESSOR SHOULD <+——————
READ RxDB)

RxSA =1

(PROCESSOR SHOULD
READ AND EXAMINE
RSDRy - ROVRN,

RERR (IF VRC SPECIFIED
OR LAST DATA CHARACTER
AND CRC SPECIFIED)

-—

RxE =0

*TEST MADE AFTER
8 RxC TIMES

RxSR—RxDB

Al
RECEIVER
STATUS BIT
0—1

_—
WHEN LAST CHARACTER
HAS BEEN SERVICED

Figure 5

TRANSMITTER OPERATION
General

After the parameter control register (PCSAR
and PCR) have been initialized, TXE must be
set high to enable the transmitter data path.
TxSO is held to mark until TSOM (TDSRas) is
set. Then, transmitter operation depends on
protocol mode.

BOP Operation

Transmitter operation for BOP is shown in
Figure 6. AFLAG is sentwhen the processor
sets the Transmit Start of Message bit
(TSOM). The FLAG is used to synchronize
the message that follows. TxA will be assert-
ed after TSOM is set. When TxBE is asserted
by the MPCC, the processor should load

Sinotics

TDSRL with the first character of the
message. TSOM should be cleared at the
same time TDSRL is loaded (16-bit data bus)
or immediately thereafter (8-bit data bus).
FLAGs are sent as long as TSOM = 1.

All succeeding characters are loaded into
TDSRL by the processor when TxBE =1.
Each character is serialized in TxSR and
transmitted on TxSO. Internal zero insertion
logic stuffs a “0” into the serial bit stream
after five successive "“1s” are sent. This
insures a data character will not match a
FLAG, ABORT, or GA reserved control
character. As each character is transmitted,
the Frame Check Sequence (FCS) is
generated as specified by Error Control
Mode (PCSARsg-10). The FCS should be the
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CRC-CCITT polynomial)X16 + X12 + X5 + 1)
preset to 1s. Ifan underrun occurs (process-
or is not keeping up with the transmitter),

PROCESSOR MUST CLEAR TABORT/TGA '
I INITIALIZE BCSAR, POR; TDSL‘I (IN RESPONSE TO TxBE = 1) T{(U and TERR (TDSR15) will be assert'ed
with ABORT or FLAG used as the TxSO line

@___. fill depending on the state of IDLE

(PCSAR11). The processor must set TSOM
and retransmit the message to recover.

BOP TRANSMIT

PROCESSOR

— —+ | TxsO= MARK

A residual character of 3 to 7 bits may be
transmitted at the end of BOP information
field to make sure that field is a multiple of 8
bits. In response to TxBE, write the residual
character length into TxCL and load TxDB
with the residual character. Dynamic altera-
tion of character length should be done in
exactly the same sequence.

TSOM =1

TxA=1

TxBE = 1
(PROCESSOR SHOULD LOAD

TxDB AND TSOM = 0) -—]

After the last data character has been

loaded into TDSRL and sent to TxSR (TxBE
TxSO= ABORT = 11111111 IF IDLE = (:IJ_> =

(PROCESSOR MAY
SET TABORT, TGA, —————————— >

AS REQUIRED)

FLAG = 01111110 IF IDLE = 1 = 1), the processor should set TEOM
(TDSRg). The MPCC will finish transmitting
the last character followed by the FCS and
the closing FLAG. The processor should
clear TEOM and drop TxE when the next
TxBE is asserted. This corresponds to the
start of closing FLAG transmission. When
TxE has been dropped, TxA will be low 11/2
bit times after the last bit of the closing
FLAG has been transmitted. TxSO will be

TxSO = GA = 01111111

TxSO = ABORT IF IDLE =0
FLAG IF IDLE = 1

|

ON UNDERRUN:
TxU=1,TERR= 1
(PROCESSOR SHOULD
SET TSOM)

SERIALIZE DATA CHARACTER

TxBE = 1

(PROCESSOR SHOULD

LOAD TxDB WITH

NEXT DATA CHAR). —p

TxBE= 1 +——

(PROCESSOR SHOULD RESET TEOM
AND SET TSOM OR DROP TxE)

IN TxDB, ZERO INSERTION,
ACCUMULATE CRC IF
SPECIFIED BY ECM,
TRANSMIT ON TxSO

YES

TRANSMIT ACCUMULATED
CRC (IF SPECIFIED).

l

rTRANSMIT FLAG ON TXSOJ

Figure 6

NO

YES

®
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marked after the closing FLAG has been
transmitted.

If TXE and TEOM are high, the transmitter
continues to send FLAGs. The processor
may initiate the next message by resetting
TEOM and setting TSOM, or by loading
TDSRL with a data character and then sim-
ply resetting TEOM (without setting TSOM).

BCP Operation

Transmitter operation for BCP mode is
shown in Figure 7. If TxE is high, TxA will be
asserted when TSOM =1. Atthattime SYNC
characters are sent from PCSARL or TDSRL
(IDLE=0or1)aslongas TSOM=1.TxBEis
asserted at the start of transmission of the
first SYNC character. For more than one
SYNC, the processor should reassert TSOM
in response to the assertion of TxBE. When
TSOM = 0 transmission is from TDSR(,
which must be loaded with characters from
the processor each time TxBE is asserted. If
this loading is delayed for more than one
character time, an underrun results: TxU
and TERR are asserted and the TxSO line fill
depend on IDLE (PCSAR;1). The processor
must set TSOM and retransmit the message
to recover.

CRC-16, if specified by PCSARs-10, is gen-
erated on each character transmitted from
TDSRL when TSOM = 0. The processor
must set TEOM = 1 after the last data char-
acter has been sentto TxSR (TxBE =1). The
MPCC will finish transmitting the last data
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BCP TRANSMIT

[ INITIALIZE PCSAR, PCR, TDSR I

PROCESSOR

TxE = | ——————————————|

TxSO = MARK

TxBE = 14—

TRANSMIT SYNC ON TxSO
SYNC FROM PCSAR|_ ~ IDLE= 0
SYNC FROM TxDB IDLE = 1

AFTER SYNC(S), PROCESSOR NO
LOADS DATA CHARACTER j

IN TxDB AND TSOM = 0 YES

TXBE=1 oo
(PROCESSOR SHOULD
LOAD TxDB)

SERIALIZE DATA CHARACTER
IN TxDB, GENERATE VRC
OR ACCUMULATE CRC AS

SPECIFIED, TRANSMIT ON TxSO

(PROCESSOR SHOULD SET
TEOM AT END OF
MESSAGE IF CRC
SPECIFIED)

TxU= 1, TERR = 1

TEOM SN0
=17
vES

(PROCESSOR SHOULD

TxSO = SYNC FROM PCSAR| IF IDLE= 0

SET TSOM = 1)*1

TRANSMIT ACCUMULATED
CRC SPECIFIED. (IF NO
CRC, TEOM SHOULD = 0) f
T B

MARK IF IDLE= 1
UNTIL TSOM = 1

TxBE = 1

(PROCESSOR SHOULD ——
CLEAR TEOM AND

DROP TxE)

TxA=0

|

TxSO = SYNC OR MARK DEPENDING ON IDLE BIT ]

Figure 7

character and the CRC-16 field before send-
ing SYNC characters which are transmitted
as long as TEOM = 1. If SYNCs are not
desired after CRC-16 transmission, the pro-
cessor should clear TEOM and lower TxE
when the TxBE corresponding to the start of
CRC-16 transmission is asserted. When
TEOM = 0, the line is marked and a new
message may be initiated by setting TxE
and TSOM.

If LRC is required, it must be generated by
the processor and transmitted after the last
data character. TEOM should not be set
under this condition. If VRC is specified, itis
generated on each data character and the
data character length must not exceed 7
bits. For software LRC or CRC TEOM
should be set only if SYNCs are required at
the end of the message block.

SPECIAL CASE

The capability to transmit 16 spaces is pro-
vided for line turnaround in half duplex
mode or for a control recovery situation.

This is achieved by setting TSOM and
TEOM, clearing TEOM when TxBE =1, and
proceeding as required.

PROGRAMMING

Prior to initiating data transmission or re-
ception, PCSAR and PCR must be loaded
with control information from the proces-
sor. The contents of these registers (see
Register Format section) will configure the
MPCC for the user’s specific data communi-
cation environment. These registers should
be loaded during power-on initialization
and after a reset operation. They can be
changed at any time that the respective
transmitter or receiver is disabled.

The default value for all registers is zero.
This corresponds to BOP, primary station
mode, 8-bit character length, FCS = CRC-
CCITT preset to 1s.

For BOP mode the character length register
(PCR) may be set to the desired values
during system initialization. The address
and control fields will automatically be 8-

Sifnotics
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bits. If a residual character is to be transmit-
ted, TxCL should be changed to the residual
character length prior to transmission of
that character.

DATA BUS CONTROL

The processor must set up the MPCC regis-
ter address (A2-A0), chip enable (CE), byte
select (BYTE), and read/write (R/W) inputs
before each data bus transfer operation.

During a read operation (R/W = 0), the
leading edge of DBEN will initiate an MPCC
read cycle. The addressed register will
place its contents on thedatabus. I BYTE=
1, the 8-bit byte is placed on DB15-08 or
DB07-00 depending on the H/L status of the
register addressed. Unused bits in RDSRL
are zero. If BYTE = 0, all 16 bits (DB15-00)
contain MPCC information. The trailing
edge of DBEN will reset RxDA and/or RxSA
if RDSRH or RDSRL is addressed respec-
tively.

DBEN acts as the enable and strobe so that
the MPCC will not begin its internal read
cycle until DBEN is asserted.

During a write operation (R/W = 1), data
must be stable on DB1s5_0g and/or DBo7-00
prior to the leading edge of DBEN. The
stable data is strobed into the addressed
register by DBEN. TxBE will be cleared if the
addressed register was TDSRH or TDSRL.
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A2 A1 A0 REGISTER
BYTE=0 16-BIT DATA BUS = DB15- DBgp
0 0 X RDSR
0 1 X TDSR
1 0 X PCSAR
1 | X PCR*
BYTE =1 8-BIT DATA BUS = DB7.g or DB15.g**
0 0 0 RDSRL
0 0 1 RDSRH
0 1 0 TDSRL
0 1 1 TDSRH
1 0 0 PCSARL
1 0 1 PCSARH
1 1 0 PCRL*
1 1 1 PCRH
NOTES
* PCR lower byte does not exist. It will be all “0"s when read.
* Corresponding high and low order pins should be tied together.
Table 4 MPCC REGISTER ADDRESSING
BIT NAME MODE FUNCTION
00-07 Not Defined
08-10 RxCL BOP/BCP Receiver Character Length is loaded by the processor depending on RxBC when
RxCLE = 0.
10 9 8 Char. length (bits)
0 0 0 8
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
11 RxCLE BOP/BCP Receiver Character Length Enable should be zero when the processor loads RxCL. The
remaining bits of PCR are not affected during loading.
12 TxCLE BOP/BCP Transmitter Character Length Enable should be zero when the processor loads TxCL.
The remaining bits of PCR are not affected during loading.
13-15 TxCL BOP/BCP Transmitter Character Length is loaded by the processor when TxCLE = 0. Character
bit length specification format is identical to RxCL.

Table 5 PARAMETER CONTROL REGISTER (PCR)-(R/W)
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BIT NAME MODE FUNCTION

00-07 S/AR BOP SYNC/ADDRESS Register. Contains the secondary station address if the MPCC is a
secondary station. The contents of this register is compared with the first received non-
FLAG character to determine if the message is meant for this station.

BCP SYNC character is loaded into this register by the processor. It is used for receive and

transmit bit synchronization with bit length specified by RxCL and TxCL.

08-10 ECM BOP/BCP Error Control Mode 10 9 8 Mode Char. length
CRC-CCITT preset to 1's 0 0 0 BOP 1-8
CRC-CCITT preset to 0’s 0 0 1 BOP 1-8
Not used 0 1 0 e
CRC-16 preset to 0's 0 1 1 BCP 8
VRC old 1 0 0 BCP 5-7
VRC even 1 0 1 BCP 5-7
Not used 1 1 0 ---
No error control | 1 1 BCP 5-8
ECM should be loaded by the processor during initialization or when both data paths
are idle.

1 IDLE Determines line fill character to be used if transmitter underrun occurs (TxU asserted
and TERR set) and transmission of special characters for BOP/BCP.

BOP IDLE = 0, transmit ABORT characters during underrun and when TABORT = 1.
IDLE = 1, transmit FLAG characters during underrun and when TABORT = 1.

BCP IDLE = 0 transmit initial SYNC characters and underrun line fill characters from the
S/AR.
IDLE = 1 transmit initial SYNC characters from TxDB and marks TxSO during under-
run.

12 SAM BOP Secondary Address Mode = 1 if the MPCC is a secondary station. This facilitates
automatic recognition of the received secondary station address. When transmitting,
the processor must load the secondary address into TxDB.

SAM = 0 inhibits the received secondary address comparison which serves to activate
the receiver after the first non-FLAG character has been received.

13 SS/GA Strip SYNC/Go Ahead. Operation depends on mode. For loop mode only. SS/GA =1

BOP permits GA character to terminate a received message. When a GA is detected REOM
and RAB/GA will be set and the processor should terminate the repeater function.
SS/GA = 0 permits only a FLAG or ABORT character to terminate a message.

BCP SS/GA = 1, causes the receiver to strip SYNC's immediately following the first two
SYNC's detected. SYNC's in the middle of a message will not be stripped. SS/GA =0,
presents any SYNC's after the initial two SYNC's to the processor.

14 PROTO Determines MPCC Protocol mode

BOP PROTO = 0 BOP
BCP PROTO =1 BCP
15 APA BOP All Parties Address. If this bit is set, the receiver data path is enabled by an address field
of ‘11111111 as well as the normal secondary station address.
Table 6 PARAMETER CONTROL SYNC/ADDRESS REGISTER (PCSAR)-(R/W)
BIT NAME MODE FUNCTION
00-07 TxDB BOP/BCP Transmit Data Buffer. Contains processor loaded characters to be serialized in TxSR
and transmitted on TxSO.

08 TSOM Transmitter Start of Message. Set by the processor to initiate message transmission
provided TxE = 1.

BOP TSOM = 1 generates FLAGs. When TSOM = 0 transmission is from TxDB and FCS
generation begins. FCS, as specified by PCSARs-10, should be CRC-CCITT preset to
1's.

BCP TSOM = 1 generates SYNCs from PCSARL or transmits from TxDB for IDLE =0 or 1

respectively. When TSOM = 0 transmission is from TxDB and CRC generation (if
specified) begins.

Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15)
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BIT NAME MODE FUNCTION

09 TEOM BOP Transmit End of Message. Used to terminate a transmitted message when CRC error
checking is used.

TEOM = 1 causes the FCS and the closing FLAG to be transmitted following the
transmission of the data character in TxSR. FLAGs are transmitted until TEOM = 0.
ABORT or GA are transmitted if TABORT or TGA are set when TEOM = 1.

BCP TEOM = 1 causes CRC-16 to be transmitted (if selected) followed by SYNCs from
PCSARL or TxDB (IDLE = 0 or 1). Clearing TEOM prior to the end of CRC-16
transmission (when TxBE = 1) causes TxSO to be marked following the CRC-16. TxE
must be dropped before a new message can be initiated. If CRC is not selected, TEOM
should not be set.

10 TABORT BOP Transmitter Abort = 1 will cause ABORT or FLAG to be sent (IDLE = 0 or 1) after the
current character is transmitted. (ABORT = 11111111)

11 TGA BOP Transmit Go Ahead (GA) instead of FLAG when TEOM = 1. This facilitates repeater
termination in loop mode.

(GA=01111111)
12-14 Not Defined

15 TERR Read Transmitter Error = 1 indicates the TxDB has not been loaded in time to maintain

only continous transmission. TxU will be asserted to inform the processor of this condition.
TERR is cleared by setting TSOM.

BOP ABORT's or FLAG's are sent as fill characters (IDLE =0 or 1)

BCP SYNC'’s or MARK's are sent as fill characters (IDLE =0 or 1). For IDLE = 1 the last
character before underrun is not valid.

Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15) (Cont'd)
BIT NAME MODE FUNCTION
00-07 RxDB BOP/BCP Receiver Data Buffer. Contains assembled characters from the RxSR. If VRC is
specified, the parity bit is stripped.

08 RSOM BOP Receiver Start of Message = 1 when a FLAG followed by a non-FLAG has been
received and the latter character matches the secondary station address if SAM = 1.
RxA will be asserted when RSOM = 1. RSOM resets itself after one character time and
has no effect on RxSA.

09 REOM BOP Receiver End of Message = 1 when the closing FLAG is detected and the last data
character is loaded into RxDB or when an ABORT/GA character is received. REOM is
cleared on reading RDSRH, reset operation, or dropping of RxE.

10 RAB/GA BOP Received ABORT or GA character = 1 when the receiver senses an ABORT character if
SS/GA =0ora GA characterif SS/GA=1.RAB/GA is cleared on reading RDSRH, reset
operation, or dropping of RXE. A received ABORT inhibits RxDA.

1 ROR BOP/BCP Receiver Overrun = 1 indicates the processor has not read the last character in the
RxDB within one character time. Subsequent characters will be lost. ROR is cleared on
reading RDSRH, reset operation, or dropping or RxE.

12-14 ABC BOP Assembled Bit Count. Specifies the number of bits in the last received data character of
amessage and should be examined by the processor when REOM =1 (RxDA and RxSA
asserted). ABC = 0 indicates the message was terminated (by a FLAG or GA) on a
character boundary as specified by PCSCRg-10. Otherwise, ABC = number of bits in
the last data character. ABC is cleared when RDSRH is read, reset operation, or
dropping RxE. The residual character is right justified in RDSRL.

18 RERR Receiver Error indicator should be examined by the processor when REOM=1in BOP,
or when the processor determines the last data character of the message in BCP with
CRC or when RxSA is set in BCP with VRC.

BOP CRC-CCITT preset to 1's should be specified by PCSARsg-10:

RERR = 1 indicates FCS error (CRC # FOB8)
RERR = 0 indicates FCS received correctly (CRC = FOB8)

BCP CRC-16 preset to 0's on 8-bit data characters specified by PCSARg - 10:

RERR = 1 indicates CRC-16 received correctly (CRC-0).
RERR = 0 indicates CRC-16 error (CRC # 0)
VRC specified by PCSARg-10:
RERR = 1 indicates VRC error
RERR = 0 indicates VRC is correct
Table 8 RECEIVER DATA/STATUS REGISTER (RDSR)-(Read Only)
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2652-|
ABSOLUTE MAXIMUM RATINGS!
PARAMETER RATING UNIT
TA Operating ambient temperature? 0to +70 °C
Tsta Storage temperature -65 to +150 °C
Input or output voltages
with respect to GND3 -0.3 to +15 Vv
Vce With respect to GND -0.3to+7 \
DC ELECTRICAL CHARACTERISTICS Ta=0°Cto +70°C, Vcc = +5V +5%45.8
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage Vv
ViL Low 0.8
ViH High 2.0
Output voltage Vv
VoL Low loL = 1.6mA 0.4
VoH High loH = -100pA 2.4
Icc Power supply current Vce =5.25V, Ta=0°C 150 mA
Leakage current nA
L Input ViN =0 to 5.25V 10
loL Output Vout = 0 to 5.25V 10
Capacitance pF
CIN Input VIN =0V, f = 1MHz 20
Cout Output Vout =0V, f=1MHz 20
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc =5V + 5%, AC timing
indicated is with outputs unloaded.4.5.6
LIMITS
PARAMETER UNIT
Min Typ Max
Setup and hold time ns
tacs Address/control setup 50
tACH Address/control hold 0
tps Data bus setup (write) 50
toH Data bus hold (write) 0
trRxs Receiver serial data transfer 150
tRxH Receive serial data hold 150
Pulse width ns
tRES RESET 250
toBEN DBEN 250
Delay time ns
top Data bus (read) 200
trxp Transmit serial data 300
tor Data bus float time (read) 150 ns
f Clock (RxC, TxC) frequency 500 kHz
toukt Clock high 1000 ns
tcLko Clock low 1000 ns
199
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PRELIMINARY SPECIFICATION

NOTES

1. Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional operation
of the device at these or at any other condition above those indicated in the operation
sections of this specification is not implied

2. For operating at elevated temperatures the device must be derated based on +150°C
maximum junction temperature and thermal resistance of 60° C/W junction to ambient
(1Q ceramic package)

3. This product includes circuitry specifically designed for the protection of its internal
devices from the damaging effects of excessive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltages
larger than the rated maxima.

TIMING DIAGRAMS

2652-1

4. Parameters are valid over operating temperature range unless otherwise specified.

5. Allvoltage measurements are referenced to ground. All time measurements are atthe
VoH, VoL, ViH, or ViL levels as appropriate

6. Typical values are at +25°C, nominal supply voltages, and nominal processing
parameters.

PRELIMINARY SPECIFICATION
Manufacturer reserves the right to make design and process changes and improvements.

7 |

tclko — ™

RESET READ AND WRITE DATA BUS
DBEN Y
{DBEN
e o e e
Ack; ) &
tas— = ~—tan
RESET CEAM, BWE_ﬁ.. e __Jr___
tRES — | tes et —_— <~—!cH
Dgo-Ds
(READ)___FLOATING X vato X vaun] X FLOATING
<—!DD = |<—'0F
Dgo-Dss
(WRITE) A
'Ds—>| l— — ~—1py
CLOCK

TxSO

RxC ] |

| |

| teiko |

| |
|

|~ 'Rxs =l tgen =

teikt |

200 SiNONES



PRELIMINARY SPECIFICATION 2652-1

TIMING DIAGRAMS (Cont'd)

TRANSMIT—START OF MESSAGE

| 8TxC! ‘I

TxSO MARK [ SYNC/FLAG! I 1ST CHAR

3
TxBE | | ] r l—
SET TSOM LOAD 1ST CHAR RESET TSOM LOAD 2ND CHAR
DBEN n I I I I I I

A I NOTES

1. SYNC may be 5 to 8 bits and will contain parity bit as specified

2. TxA goes high relative to TxC rising edge after TXE has been raised and TSOM has
been set.

3. TxBE goes low relative to DBEN falling edge on the first writetransferinto TSDR after
TxE has been raised. It is reasserted 1 TxC time before the first bit of the transmitted
SYNC/FLAG. TxBE then goes low relative to DBEN falling edge when writing into
TDSRH and/or TDSRL. It is reasserted on the rising edge of the TxC that corresponds
to the transmission of the last bit of each character; except in BOP mode when the
CRC is to be sent as the next character (see Transmit Timing-End of Message).

TRANSMIT—END OF BOP MESSAGE

TxSO NEXT TO LAST CHAR T LAST CHAR ] CRC I FLAG J MARK

w0 1 L]

LOAD LAST CHAR SET TEOM RESET TEOM

oeen [ Jl| 1

TxA |

NOTES

4. TxBE goes low relative to the falling edge of DBEN corresponding to loading
TDSRH/L. It goes high one TxC before character transmission begins and also when
TxA has been dropped.

5. TxE can be dropped before resetting TEOM if TxBE (corresponding to the closing
FLAG) is high. Alternatively TxE can remain high and a new message initiated.

6. TxA goes low after TxE has been dropped and 1 1/2 TxC's after the last bit of the
closing FLAG has been transmitted.
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TIMING DIAGRAMS (Cont'd)

TRANSMIT TIMING—END OF BCP MESSAGE

TxSO NEXT TO LAST CHAR ] LAST CHAR I crc? l MARK

LOAD LAST CHAR SET TEOM RESET TEOM

1 { |
DBEN n n rl

TxA l

NOTES

7. When 2652 generated CRC is not required, TEOM should only be set if SYNCs are to
follow the message block. In that case, TXE should be dropped in response to TxBE
(which corresponds to the start of transmission of the last character). When CRC is
required, TxE must be dropped before CRC transmission is complete. Otherwise, the
contents of TxDB will be shifted out on TxSO.

TRANSMIT UNDERRUN

Txus I I

SET TSOM

DBEN —TDSRy

NOTES
8. TxU goes active relative to TxC falling edge if TxBE has not been serviced after n-1/2
TxC times (where n = transmit character length).
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TIMING DIAGRAMS (Cont'd)

2652-1

RECEIVE—START OF MESSAGE

1ST CHAR READY 2ND CHAR READY
TO BE READ — TO BE READ —
RxDA™ | | I I
1ST CHAR READ 2ND CHAR READ

|
DBEN rl rl

S/F1 | l

RXE J

NOTES

9. RxA goes high relative to falling edge of RxC when RxE is high and:
a. A data character following two SYNC's is in RxDB (BCP mode)
b. Character following FLAG is in RxDB (BOP primary station mode)
c. Character following FLAG is in RxDB and character matches the secondary

station address or All Parties Address (BOP secondary station mode).

10. RxDA goes high when a character in RxDB is ready to be read. It goes low on the falling
edge of DBEN when RxDB is read.

11. S/F goes high relative to rising edge of RxC anytime a SYNC (BCP) or FLAG (BOP) is
detected.

RECEIVE END OF MESSAGE

DATA I-| I—I STATUS
DBEN

Rxe 13 I

Axal? ]

NOTES

12. At the end of a BOP message, RxSA goes high when FLAG detection (S/F = 1) forces
REOM to be set. Processor should read the last data character (RDSRL) and status
(RDSRH) which resets RxDA and RxSA respectively. For BCP end of message, RxSA
may not be set. The processor should read the last data character and the status.

13. RXE must be dropped for BCP but may be left on at the end of a BOP message (see
BOP Receive Operation).

14. RxA is reset relative to the falling edge of RxC after the closing FLAG of a BOP
message; or when RxE is dropped.

sinotics
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TYPICAL APPLICATIONS

2652 MPCC/UP INTERFACE

l RESET
T |
S BUFFER -— _—
STATUS
RESET :
POR DATA BUS
RxC
DB 0-7
8BIT MPCC SYNCHRONOUS
uP 2652 MODEM
ADDRESS | CONTROL A2-0, R/W DBEN
cLock — o}~
®

@__‘ RxSI
avie

RxE TxE RTS, CTS,
DTR, DSR
2650 !
sc/mp bco
8080 MODEM Dco cTs
280 L CONTROL
6800 LOGIC
NOTES
1. Possible uP interrupt requests are:
RxDA, RxSA, TxBE, TxU.
2. Other 2652 status signals and possible uses are:
S/F line: idle indicator, frame delimeter.
RxA handshake on RxE, line turn around control
TxA handshake on TxE, line turn around control.
3. Line Drivers/Receivers (LD/LR) convert EIA to TTL voltages and vice-versa
4. RTS should be dropped after the CRC (BCP) or FLAG (BOP) has been transmitted.
This forces CTS low and TxE low.
DMA/PROCESSOR INTERFACE
DATA BUS 8 OR 16 BITS
=3
@ ] @
DB 15-00 DATA BUS DATA BUS
WORD COUNT BOREQ RxDA >0
RxA
ADDRESS PTR
TO PROCESSOR RxE
R/W CONTROL e
|WRREQ
TXBE T=A
TXE PROCESSOR (P)
AND l=— RxDA R/W
DMA 252 ™ SUREORT MEMORY
CONTROLLER LOGIC [<— TxBE
SIF
A2-A0
2652 BYTE
ADDRESS AND Z H BESET,
AW
CONTROL e MM
DBEN
ADDRESS, R/W CONTROLS RxC_ TxC RxSl TxSO ADDRESS, R/W CONTROL ADDRESS, CE, R/W
MODEM OR DCE
System Address and Control Bus
For non-DMA operation, TxBE and RxDA are sent to the processor which then loads or
reads data characters as required.
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PRELIMINARY SPECIFICATION 2652-

TYPICAL APPLICATIONS (Contd)

CHANNEL INTERFACES

BAUD BAUD
RATE RATE
GENERATOR GENERATOR
| — — —

=

TxC RxC TxC RxC
@

COMPUTER MPCC MPCC COMPUTER
OR 2652 2652 on
TERMINAL TERMINAL
K— Tso f—| 10 | Rxs ]

a. No Modem—DC Baseband Transmission
TxC TxC
RxC| RxC
A\ \
COMPUTER 2853 MODEM MOI:IEM 2652 comg:-rsn
OR xS0 & ( TS0
TERMINAL CHANNEL 'S CHANNEL TERMINAL
Fi
— INTERFACE INTERFACE s
COMMUNICATION
CHANNEL
ATS, DTR RTS, DTR
MODEM MODEM
CONTROLS CONTROLS
CTs, DSR, DCD CTS, DSR, DCD

b. Synchronous Modem
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PRODUCT PREVIEW

DESCRIPTION

The Signetics 2655 PPI is designed for 2650
microcomputer systems. It consists of three
ports (24 1/0 pins), which can be individually
programmed to function as input, output or
bidirectional ports. Interface with the 2650
is via an eight-bit bidirectional data bus.

The PPl may be programmed for five major
modes of operation: static 1/0, strobed 1/0,
bidirectional I/O, serial 1/0, or serial/timer
1/0. In the serial/timer mode, parallel to
serial or serial to parallel conversion of data
operates simultaneously with the timer on
one of the three ports.

FEATURES
e Five selectable major operating modes:
Static 1/0
Strobed 1/0
Bidirectional
Serial 1/0
Serial/timer 1/0

BLOCK DIAGRAM

® Three ports (A, B, and C) with 24 pro-
grammable 1/0 pins

® Completely TTL compatible

® Three MHz programmable timer or event
counter

® Fully compatible with the 2650 micropro-
cessor

* Direct bit set/reset capability of each bit
for all three ports

® 300ns port read/write access time

® Operates in a polled or interrupt driven
system environment

® Forty pin dual in-line package

e Single *5 volt supply

OPERATION

The following is a functional description of
the five operating modes of the PPI. Each
mode is selected via a mode control word.
Interrupt generation and interrupt enable/
disable functions are available with each
mode except the static mode which oper-
ates entirely under program control.

2655

STATIC MODE

All three ports can operate in the static 1/0
mode. This mode allows each pin of each
port to be either an input pin or an output
pin. A logic “1” written to a pin of a selected
port from the 2650 will condition that pin to
be an input or output pin. Writing alogic “0”
to the pin conditions that pin to be an output
pin only. Outputs are latched while inputs
are not. Each pin may be set or reset on an
individual basis by a “set/reset” command.

STROBED I/0 MODE

In this mode, data may be transferred to or
from a specified port in conjunction with
strobe or “handshaking” signals. Ports A
and B can operate in the strobed I/0 mode
and port C bits are used as control and
status bits. In this mode both inputs and
outputs are latched, and each port can be
either an input or output.

DB(7:0)
s
RESET Vcc GND 8 & <
ACCESS DATA BUS p— BIT SET/
CONTROL BUFFER l RESET LOGIC
I ACCESS Lo ! LN
MODE
[ BIT SET/RESET
1 x CTL AND STATUS
I 1 [} M }
1BUS(7:0) i |
PORT B PORT B
TIMER Lol aTcH
ey
S—
« o =0
= PORT A PORT A PORT C
OuTPUT NPT LATOH PORT'E OuTPUT
LATCH SERIAL/TIMER LATCH
el - SHIFT
REGISTER , I
"1 MUX
V I MUX
d -
. 35 b
DRIVER INPUT BUFFER
]/T ouTPUT PORT 8 ouTPUT e
bl INPUT BUFFER vl INPUT BUFFER
PA(7:0)
PB(7:0) PC(7:0)
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BIDIRECTIONAL I/0 MODE

This mode provides a means for communi-
cating with a peripheral device over asingle
eight-bit bus with both transmitting and
receiving capability. Port A operates in this
mode with Port C pins providing “hand-
shaking” signals for status and control.
Both inputs and outputs are latched and
port direction is determined by a control
signal from the peripheral.

SERIAL I/0 MODE
This mode provides a means for communi-
cating with a peripheral device on a bit serial

PIN DESIGNATION

basis through Port B. Parallel data from the
CPU will be shifted out to the peripheral
over the least significant bit of Port B (PBO).
Eight clocks will be required for a complete
character transfer. The eight-bit character
will be repeatedly shifted out until the CPU
presents another character to Port B.

For the serial in mode, data is input from the
peripheral at the most significant bit of Port
B (PB7). Eight clocks will be required to
assemble the eight-bit character. An inter-
rupt request will signal the CPU for charac-
ter transfer.

2655

TIMER MODE

This mode enables the PPI to perform time
interval measurements, pulse width meas-
urements, and event counting. This timing
function is performed during the serial/
timer mode, and is restricted to Port B only.
The mode is initiated by selecting the de-
sired operation and loading a 16-bit down
counter with an initial value. The counter
does not start counting until the upper eight
bits have been loaded. An interrupt can be
generated to signal the CPU when the timer
reaches a zero count.

PIN NO. | MNEMONIC TYPE NAME AND FUNCTION
27-34 D7-DO 1/0 Data Bus: Eight-bit tri-state bidirectional data bus. All data and command transfers are made
using this bus. DO is the least-significant bit; D7 is the most-significant bit.

35 RESET | Reset: Resets all internal storage elements, including the data latches and command registers.
Resets ports A, B and C to accept input data, and operating mode to Static mode. A functionally
equivalent on chip power-on reset is also provided.

8,9 A1, AO | Address: Address lines used to select internal PPl modes or registers. Indicates control or data
words to be placed on the data bus. Used in conjunction with the R/W line.

5 R/W | Read/Write: When low, gates the selected register to the data bus. When high, gates the contents
of the data bus into the selected register.

6 CE | Chip Enable: When low, identifies that control and data lines to the PPI are valid.

36 SCLK | Serial Clock: Provides a serial clock for the parallel-to-serial or serial-to-parallel conversion.

37-40 1/0 PA7-PAO 1/0 Port A: An eight-bit tri-state quasi-bidirectional port.* PAO is the least-significant bit; PA7 is the
1-4 most-significant bit.
25-18 1/0 PB7-PBO 1/0 Port B: An eight-bit quasi-bidirectional port.* PBO is the least-significant bit; PB7 is the most-
significant bit.
Port B also has parallel-to-serial, or serial-to-parallel conversion capability with PBO, 7 being
either the serial output or input respectively. Data is double buffered.
Port B can also operate as a 16-bit binary timer, as an event counter, or as a pulse width indicator.
An output is generated whenever the counter is decremented to the all-zero state.
10-13 1/0 PC7-PCO 1/0 Port C: An eight-bit quasi-bidirectional port.* PCO is the least-significant bit; PC7 is the most
17-14 significant bit. Port C bits are also used as control and status signals in conjunction with ports A
and B. When a pin is used as a strobe input, the line receives an external strobe input which
clocks information from port A or port B into the port A or port B data latches.
When a pin is used as a status line, the line indicates port A or port B status condition which may
be used as an interrupt input to the 2650.
26 | +5 Volt: Power supply.
7 | Ground: 0V reference.

*A quasi-bidirectional port allows each bit to be designated as input or output under
program control. If any bit of the port is set to a ‘1,’ that bit becomes an input or output
depending on the usage of the port pin. If the peripheral is driving the port bit (i.e.,
overriding the logic 1" condition produced by the internal port pull up resistor), then the
bitis an input. If the peripheral is receiving from the port bit, then a “0" or “1" written to the
port will be transmitted to the peripheral.

Sifnotics 207




PRELIMINARY SPECIFICATION

DESCRIPTION

The Signetics 2656 System Memory Inter-
face (SMI) is a mask programmable circuit
with on-chip memory, 1/0, and timing
(clock) functions. It is useable either in 2-
chip or multi-chip microcomputer systems.
Used with the 2650 microprocessor, it pro-
vides a 2-chip microcomputer. This 2-chip
microcomputer offers the user 2KX8 bits of
ROM, 128X8 bits of RAM, and an 8-bitinput-
output port.

Used as a system interface in a multi-chip
microcomputer, with larger memory and/or
additional peripheral requirements, the pro-
grammable versatility of the SMI provides
decoded chip enable outputs. These out-
puts connect directly to other memory or
1/0 functional blocks with few and often no
requirement for additional interfacing
chips. This reduces both chip count and
cost in complex microcomputer systems.

The 2656 is processed using Signetics n-
channel silicon gate technology. Only a
single power supply of +5 volts is needed for
operation.

BLOCK DIAGRAM

FEATURES

e 2KX8 mask programmable ROM

® 128X8 static RAM

* 8 multi-purpose pins for either chip en-
ables or 1/0 bits

® 8-bit latch for either 1/0 or MPU storage

® Internal clock generator with crystal, RC,
or external timing source

® System power-on reset

® 40-pin dual-in-line package

® Single *5 volt supply

APPLICATIONS

® 2-chip microcomputer

® System control for multi-chip
microcomputers—eliminates or reduces
TTL suppport circuitry for memory and
I/0 device selection.

* From small (2K-2 chip) to 32K
microprocessor-based systems

ADR gg'§ — N
Sa DATA BUS il
gy J 126x8
°87.0 £5 RAM
3= RAM ENABLE
R/W
L
e
e, —
<:> - I
o z
18 X 11 10 = hy El—1x
PROGRAMMABLE ENABLE| o E
A 1 GATE 1 O
14-0
ARRAY g e o || - MULTI
(PGR) 5 PURPOSE
K DATA IN S Xy PINS
L 5 le—— x,
3 z
CONTROL { —>] 7 > 2 X
SIGNALS | — EXTERNAL
CHIP ENABLES l———— X,
[ ROM
ENABLE
R/W
& 2048X8
cLock ROM
CLOCK <—| ADRLSE-.S—-:>
XTAL. RC.
OR
EXTERNAL CLOCK
XTAL -=——-
on 5V GND
RESET OUT
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PIN CONFIGURATION
IWA PACKAGE
DB, [_T_: E DB,
o8, [2} 39] o8,
DB, E 38] o8,
os. [4] E X,
o8, (5 [36] x.
x [6 [35] x,
% [&] [33] vec
x 9] [32] A,
cLock [10] 31] A
ck rsT [11] [30] A,
ck; [12] [29] A,
ano [73] 28] A
Aw [14] [27] A,
m/io [15 E A
opreQ [16] [25] A,
wep [17] [24] A,

FUNCTIONAL BLOCK
DESCRIPTIONS
Data Bus Buffer

A tri-state bidirectional 8-bit bus transceiver
for data transfer between the SMl and MPU.

Programmable Gate Array (PGA)
Provides select signal outputs for the inter-
nal ROM, RAM, Latch, and up to 8 multi-
purpose |I/O pins that are mask pro-
grammed as Chip Enables. A PGA output is
active when the input variables match any
one of 11 corresponding mask programmed
product terms. The 18 input variables are
normally address and control bus signals
from the MPU and may be programmed as
“1" “0"”, and “don’tcare.” Each productterm
is a specified combination of the input vari-
ables.

Control and Clock

Generates the Clock output signal to the
MPU and control signals for the ROM, RAM,
and Latch. A mask programmable frequen-
cy divider provides input frequency division
by 1, 2, 3, or 4. The timing source is mask
programmable and may be a crystal, RC, or
external oscillator. If either of the latter two
are designated as a timing source, the sec-
ond timing pin becomes a Reset output to
the MPU.
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PIN DESIGNATION

MNEMONIC PIN NO. TYPE NAME AND FUNCTION
DBo-DB7 38-40 1/0 8-bit Bidirectional Data Bus: All data transfers between the MPU and ROM, RAM, Latch,
1-5 and X pins are made using this bus.
Ao-A14 18-32 | MPU Address Bus: Address bus inputs occupy contiguous bit positions with Ag as the
least significant address bit.
OPREQ 16 | Control Signal: A signal that specifies the valid state of address and control bus.
M/I—O—, WRP 15, 17 | Optional Signals: Possibilities include Memory or I/O (M/@), Write Pulse (WRP), external
control signals, or additional high order address bits.
R/W 14 | Read/Write Control: A control signal from the MPU that indicates whether the requested
operation is to be a Read or Write (0 or 1respectively). This signal must not change while
OPREQ is true.
CLOCK 10 0 Clock Output to the MPU: The frequency is determined by the timing element and the
mask programmable divisor (divided by 1, 2, 3, 4).

CK1/RST, CK2 1312 1/0, 1 Connections for the Timing Element: Only CKz is necessary for an RC or external timing
source. The CK1/RST pin then becomes a power-on Reset output. Two pins are
necessary for direct connection of a crystal.

Vce 33 | +5V: Power supply.

GND 13 | Ground: 0V reference ground.

Xo-X7 34-37 1/0 Multi-purpose 1/0 Pins: These pins can be mask programmed as external memory or /O
9-6 chip enables, or bidirectional 1/O port data bits, or any combination of the two.

ROM

2,048 bytes of mask-programmable Read
Only Memory for storage of instructions
and constants. The ROM base address is
PGA mask programmable over the entire

Function Select

A 1X8 Function Select array of mask-
programmable contacts determine the
function of each of the multi-purpose 1/0
pins (Xg-X7). Two modes exist:

Latch

Holds output data for the multi-purpose 1/0O
pins mask programmed as a mode P. The
latch continues to function as a read/write

element even if all multi-purpose 1/0 pins
are programmed as chip enables. Thus, any
X pinthatis programmed as an external chip
enable can have corresponding latch bits
available for temporary data storage or soft-
ware flags. To read an input pin, the corre-
sponding latch bit must first be written to a
“one” by the MPU program. This is done to
disable all active outputs, changing them to
passive pullup outputs. This permits inputs
to be sensed on the same pin. Subsequent
reads of the same pin do not have to be
preceeded by a write if the state of the latch
pin remains a “one.”

MPU address range. The ROM can be dis- 1. CE - The X pin is an active low Chip
abled by a mask option. Enable (CE) for either external memory or
an I/0 port. PGA inputs receive the exter-
RAM nal address and MPU control signals
128 bytes of Read/Write Memory for MPU required to generate the CE output.
data storage and retrieval. The RAM base 2. P - The X pin is a bidirectional I/O port
address is PGA mask programmable over data bit. A portion of the PGA provides
the entire MPU address range. RAM domi- the control signal to select the port.
nates over ROM if address overlap is inten-
tionally mask programmed. The RAM can
be disabled by a mask option.

SilnOtics 209
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER RATING UNIT
Ta Operating ambient temperature2 0 to +70 G
Tsta Storage temperature -65 to +150 20
All voltages with respect to ground3 -0.5to +6.0 \Y

NOTES
Stress above those listed under Absolute Maximum Ratings may cause permanent

damage to the device. Thisis a stress rating only and functional operation of the device
at these or at any other condition above those indicated in the operations section of

this specification is not implied

IS

DC ELECTRICAL CHARACTERISTICS Ta = 0°C to +70°C, Vcc = 5.0V + 5%12.3,4,10

For operating at elevated temperatures, the device must be derated based on +150°C

2656-1

maximum junction temperature and thermal resistance of 55° C/W junction to ambient

(IWA ceramic package.)

3. This product includes circuitry specifically designed for this protection of its internal
devices from the damaging effects of excessive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltages

larger than the rated maxima

PARAMETER TEST CONDITIONS kM UNIT
Min Typ Max
Input voltage V
ViL Low -5 0.8
ViH High 292
Output voltage \"
VoL Low loL = 1.6mA 0.45
VoH High loH = -100A8 2.4
VoHpP 1/0 port output high voltage loHp = -50uA7 24 Vv
e Input load current ViN =0 to 5.5V 10 uA
ILp Data bus leakage current Vout = 4.0V 10 uA
Icc Power supply current 150 mA
Capacitance Ta=25°C, Vcc = 0V
CiN Input fo = IMHz 4 10 pF
Cout Output Unmeasured pins 4 10 pF
Cio 1/0 tied to ground 6 10 pF
AC ELECTRICAL CHARACTERISTICS Ta=0°C to+70°C, Vcc = 5.0V *+ 5%.1.23,4,9,10
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
ts Address and control setup time 0 ns
tH Address and control hold time 0 ns
tpD1 Propagation delay time - high to low5 CL = 100pF 50 230 ns
tPp2 Propagation delay time - low to highs CL = 100pF 50 230 ns
twrp Write pulse width 200 ns
top Data bus delay time for read CL = 100pF 200 580 ns
toF Data bus floating time for read CL = 100pF 580 ns
toss Data bus setup time for write 200 ns
toBH Data bus hold time for write 200 ns
too Output delay time CL = 100pF 100 400 ns
fe Crystal or external clock frequency 4.0 MHz
tc External clock high or low state 110 ns
tRST Reset output pulse width8 30 300 us
taws Address to write pulse setup time 50 ns
NOTES Pins 18-32 = ADRo-ADR14 Pin 15  =M/i0O
1. Parameters are valid over operating temperature range unless otherwise specified. Pin 16 = OPREQ Pin 17 = WRP

N

All voltage measurements are referenced to ground. All time measurements are at the
VoH, VoL, ViH, ViL levels as appropriate.

Manufacturer reserves the right to make design and process changes and
improvements.

AC characteristics assume the following input signals from a Signetics 2650
microprocessor:

®

&

5. For Xo-X7, time reference is OPREQ or time input changes, whichever is later.
Data Bus, Chip Enable, CK1/RST or Clock outputs

Port outputs only

6.
7.
8. Vcc rise time must be less than 100 microseconds.
9. The delay times (Minima and Maximal tend to track each other for any single device.

10. This is not a final specification. Parametric limits are subject to change.
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PRELIMINARY SPECIFICATION 2656-|
TIMING DIAGRAMS CLOCK CONFIGURATIONS
X-X7 PINS USED AS CHIP ENABLES CRYSTAL CONNECTION
o L__ 3 [ T3]
OPREQ _____/ \_ ¢ I n% :§

C = 15pF typical R = 1M() typical

R-C CONNECTION

READ
CYCLE ,
. ox =4 5 'PD‘\k_ ] tpp2 pOWER-ON-RESET ' | RST
0= Xp
R 12
Vee —WVT— CK2
\ [
twrp I r

WRITE TYPICAL
CYCLE VALUES

t_ R C
2MHz 20K 20pF

L
i

5

e t ——
Xo - X PD1 A

1po2 EXTERNAL CLOCK CONNECTION

POWER-ON-RESET <"1 | RST
12
EXTERNAL CLOCK TSRS o > 3
READ CYCLE (FOR ROM, RAM, LATCH,
OR Xog-X7 PINS USED AS INPUTS)

1

Ve
OPREQ / \
ADRg.14
M/i0
R/W
WRP
tg— D s
FLOATING
OR VALID FLOATING
Dy-D; NOT VALID
p— top < R tDF
RESET OUTPUT EXTERNAL CLOCK INPUT
1
fc
'RsT
RST / \ K, /
c T fe
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TIMING DIAGRAMS (Contd)
WRITE CYCLE (FOR RAM OR LATCH)
OPREQ / \
ADR{. 13
M/10
RwW
waP — taws twrP
tg— — — -~ ty
I 'Uua
—| tpgH |=—
D,-D,
- P [‘
Xg-X; x
(ouTPUTS)

2656-|

CARD #5—SMI FUNCTIONAL

PARAMETERS
COLUMN DATA
1-9 Blank

The next eight columns specify whether
multi-purpose pins (Xo-X7) are to be chip
enables or I/0 port data bits. Each column
must contain either the character “E” for
chip enable orthe character “P” for I/O port.
Card column 10 specifies Xo, card column
17 specifies X7.

COLUMN DATA
10 E or P for Xo

11 E or P for X4

12 E or P for X2

13 E or P for X3

14 E or P for X4

15 E or P for Xs

16 E or P for Xs

17 E or P for X7
18-19 Blank

CUSTOM PATTERN
PROGRAMMING
INSTRUCTIONS

A computer-aided technique utilizing
punched computer cards is employed to
specify a custom version of the 2656. This
technique requires that the customer sup-
ply Signetics with a deck of standard 80-
column computer cards describing the data
to be stored in the ROM array, the Program-
mable Gate Array (PGA), and the Function
Select Array.

On receipt of a card deck, Signetics will
translate the card deck to atruth table using
the Signetics Computer-Aided Design
(CAD) facility. The truth table will then be
sent to the customer for final approval. On
receipt of final approval, Signetics will pro-
duce masks and proceed with manufactur-
ing.

The contents of each card in the deck are:

Customer Identification Cards are always
labeled witha“C” incolumn 1. For customer
identification any number of cards is per-
mitted. A 4-card example is shown below.
The following data should be included:

212

COLUMN DATA

1 C

2 Blank

3-66 Company name (Card #1)

Street address (Card #2)
City, State, Zip (Card #3)
Contact person name (Card

#4)
67 Blank
68-70 SMI
71 Blank
72-75 2656
76-78 Blank
79-80 2-digit decimal number indi-

cating the truth table number.
Must be the same on all cards

Select one of the next three columns to
specify the type of clock source; crystal,
external or R/C network. An “X” designates
the selected clock source. The other two
columns must be blank.

COLUMN DATA

20 X or blank (Crystal)

21 X or blank (R/C Network)
22 X or blank (External)
23-29 Blank

in the deck.

Select one of the next four columns to
specify the clock source divider value to
divide by 1, 2, 3 or 4. An “X” designates the
selected divisor. The other three columns

" must be blank.

COLUMN DATA
30 X or blank (= 1)
31 X or blank (= 2)
32 X or blank (+ 3)
33 X or blank (= 4)
34-39 Blank

(Explanatory Note: The next card for this
example is card No. 5)

S{nOtics

Access to ROM, RAM or I/O Port bits may be
disabled. The next three columns are used
to disable ROM, RAM or I/O Port. Specify an
“X” (disable) or blank (do not disable).

COLUMN DATA

40 X or blank (ROM)

41 X or blank (RAM)

42 X or blank (PORT)

43-78 Blank

79-80 Two-digit decimal number in-

dicating the truth table num-
ber.
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CARD #6—PGA SPECIFICATION
The PGA is an 18 X 11 input-output struc-

2656-1

PROGRAMMABLE GATE ARRAY (PGA)

ture. The first eight outputs are available as o } T Vee
chip enables (if selected by the appropriate é :; ———————— > é 3 % :;
function—select parameters on card #5). wap ) T 1 1 7
The last three outputs are internally con- _
nected to enable the SMI internal I/O Port, L
RAM and ROM. (See Figure 1.) Ascending OPREQ
order of card columns correspond to as-
cending PGA outputs. Thus, columns 5 Ars
through 15 correspond, respectively, to A
PGA chip enable outputs 0 through 7, the By
latch enable, the RAM enable and the ROM
enable. Valid characters are 1, 0 or X. “1” An
indicates active high, “0” indicates active : I Do é I
low, and “X” indicates don't care. | > [
I |
COLUMN e | Y ITERSECTION | | fgenees
1 A Az ROM AND RAM
2 0 A
3-4 Blank A,
5-15 1, 0 or X (Ap for Fo to F1g)
16 Blank RAM ORVCE;RIDES
17-27 1, 0 or X (A1 for Fo to F10) H{ -
28 Blank 1 ] e =
fg 39 1B,Iaonzr X (A2 for Fo to F10) b“__ M ENABLE
41-51 1, 0 or X (Az for Fo to F10) P+ ramenasLe
52 Blank .
53-63 1,0 or X (A4 for Fo to Fio) B Bromee oo B HATeR EnABLE
64 Blank
65-75 1, 0 or X (As for Fo to F10) NOTE
76-78 Blank Each intersection can be programmed as active low (0), active high (1), or “don't care"(X).
79-80 2-digit decimal number indi- Figure 1
cating the truth table number.
géﬁ%ﬁéClFlCATION (Cont'd) CARD #8— BINARY ROM CODE FORMAT
COLUMN DATA PGA SPECIFICATION (Contd) CARD #9 THROUGH CARD #264
COLUMN DATA These remaining cards specify the 2048 8-
1 A 1 A bit locations of the SMI ROM. The first data
2 6 2.3 12 field of card #9 is ROM location 0, the last
3-4 Blank p A data field of card #264 is ROM location 2047.
5-15 1, 0 or X (Ag for Fo to F1o) 5-15 1.0 6F X A1z 16F Faté: Fral For each field, the leftmost character is the
16 Blank 16 élan?( 12 Torkortoito MSB, the rightmost character is the LSB.
22'27 ;I;)n?(r X A for Fo to Fio) 17-07 1.0 o X tAvs Yor Eolo'Fid) Valid characters are1or0.A!Fe{rnatfalx,Por N
29-39 1.0 or X (As for Fo to F1o) 28 Blank characters rnay be used. A*“1” or “P” repre-
a0 Ll 29-39 |1, 0 or X (A1 for Fo to F1o) SIS 3 logle High At the SM| Wata bus don-
4151 1.0 or X (As for Fo to Fo) 40 Blank - nection. A “0” or N reprgsent a logic low:
50 Blank 41-51 1, 0 or X (M/IO for Fo to Fo) Each of these cards is configured as follows:
- 1, 0 or X (A1o for Fo to F10) 52 Blank
gi * Bk 53-63  |1,0 or X (OPREQ for Fo to F1o)| |COLUMN DATA
65-75 1, 0 or X (A11 for Fo to F1o) 64 Blank 1-5 Right;ustified decimal address
76-78 Blank 65-75 1, 0 or X (WRP for Fo to F10 of first data field of the card
79-80 o-digit decimal number indi-| |7/878  |Blank columng: 7-14.
cating the truth table number. 79-80 2-digit decimal number indi- 6 Blank
cating the truth table number. 7-14 1or0;or,PorN

Sifjnptics
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COLUMN DATA

15 Blank

16-23 1or0;or,PorN

24 Blank

25-32 1or0;or,PorN

33 Blank

34-41 1or0;or,PorN

42 Blank

43-50 1orQ;or,PorN

51 Blank

52-59 1or0;or,PorN

60 Blank

61-68 1or0Q;or,PorN

69 Blank

70-77 1orQ;or,PorN

78 Blank

79-80 2-digit decimal number indi-
cating the truth table number.

HEXADECIMAL ROM CODE
FORMAT

CARD #9 THROUGH CARD #72

The customer may also submit ROM code in
hexadecimal format. 32 locations (bytes) are
specified on each card. Columns 7 and 8 of
card #9 contain the data for ROM |ocation 0
while columns 69 and 70 of card #72 con-
tain the data for ROM location H'7EF’. In

each data pair, the left character is the
hexadecimal equivalent of bits D7 to D4; the
right character is the hexadecimal equiva-
lent of bits D3 to Do. Table 1 shows the
conversion from binary to hexidecimal.

Each of these cards isconfigured as follows:

COLUMN DATA

1-4 Right justified hexadecimal
address of first data pair of the
card (columns 7-8). For exam-
ple, card #9 will contain ‘0000,
card #10 will contain ‘0020’ and
so forth until card #72, which
contains ‘07EO.’

5-6 Blank

7-8 First data pair

9-10 Next data pair

11-12 Next data pair

11-12 Next data pair

11-12 Next data pair

11-12 Next data pair

67-68 Next to last data pair

69-70 Last data pair of card

71-78 Blank

79-80 2-digit decimal number indi-
cating the truth table number.

2656-1
BINARY HEXA-
COMBINATION DECIMAL
D,-D4ORD4Dy | CHARACTER

= a4 4 a4 a4 a0 000000000

44200004 1440000
- 4 002 2004400 =200

B TP, [ T GO T R O S PO . |

MTMUOUOWT>O©OoNOOhWN—=O

Table 1 BINARY TO
HEXADECIMAL
CONVERSION

APPLICATION EXAMPLES

A TWO CHIP MICROCOMPUTER

The minimum system depictedin Figure 2is
composed of the 2650 MPU, a 2656 SMI, and
a resistor/capacitor network for a timing
input. The SMI provides MPU CLOCK and
RESET signals and eight I/0 Port bits (Xo-
X7).

Note that because all eight /O bits share the
same device address, the MPU program
must “housekeep” unwanted bits when
reading or writing to any of them. If a one-bit
write operation is desired, the MPU must
preserve the state of all other output pins.
This can be done by reading the latch,
changing the state of the selected bit, and
outputing the result.

Any latch bit used for input must first be
written to a Logic “1” before a read opera-
tion. After reading the data, the bits not
desired must be masked out by the pro-
gram.

214

MINIMUM COMPUTER SYSTEM

2650
MPU

ADREN

DATA BUS

ADDRESS BUS

OPREQ,M/IO.WRP

2656
SMI

DBEN R/W

OPACK CLOCK

RESET

Figure 2

FLAG

SENSE

8 BITS
OF 110
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ADREN

GENERAL PURPOSE MICROCOMPUTER

DBEN

OPACK

2650
MPU

RESET

//
ADDRESS BUS 13
ROM
2KX8
1
CE
Ls
g
'> ArAy
1 4
o & RAM
OPREQ 256X8
wio ey
4 8
2656 =
cLock
R/W
sMmi @ - i
4
R/W
N =
M o8, O- CE o
7% %
S
RiW <I
AV :
< 7 D
N 7
oE 1102
L Rrw CL
, 2
7 >
)

Figure 3

A GENERAL PURPOSE
MICROCOMPUTER

A general purpose microcomputer is illus-
trated in Figure 3. The SMI provides ROM
RAM and the MPU clock from a crystal
source. It also provides chip enables for
external ROM, RAM and LSl peripheral
controllers 1 and 2 as well as four bidirec-
tional data bits.

The state of M/IO in the Address Map (Ta-
ble 6) indicates that /01 and 1/02 are mem-
ory mapped while the SMI port is refer-
enced using any I/O instruction (extended
or non-extended) on the 2650. See the SMI
Program Table (Table 7).

The 2650 addresses the SMI port to input or
output data on X4-X7. SMI latch bits 0-3 are
available for MPU temporary storage since

the corresponding X pins are used for exter-
nal chip enables.

Note that the 13 MPU address bits are as-
signed to the first 13 PGA inputs (Ag-A12)
and that only two MPU control signals
(OPREQ, M/IO) are input to the PGA (WRP is

not required).

The SMI uses the R/W signal from the 2650
to read or write from the internal RAM and
port. External devices are enabled when
their address (Ag-A12, M/IO) have been de-
coded by the SMI and OPREQ is valid.

PIN # BYTES ADDRESS M/10
Internal ROM | — 2K 0000-07FF 1
External ROM | Xo 2K 0800-0FFF 1
*Spare ROM — 1K 1000-13FF 1
External RAM | X4 256 1400-14FF 1
Internal RAM — 128 1500-157F 1
*Spare RAM — 512 1600-17FF 1
1704 X2 4 1800-1803 1
1/02 X3 4 1804-1807 1
SMI Port — — ANY 0
*Space left for possible system expansion. Table 6
ADDRESS MAP FOR GENERAL PURPOSE MICROCOMPUTER
SinOtics 215
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PRODUCT TERM
NO. |WRP| A14 | A13 | M/IO| OPREQ Ao | Aqq A10 Ag AB A7 Ag | Ag Ay Az Ay | Ay | A FS*
0 X | x | x 1 1 0 1 X | x| x| x| X | % | x| x| x| x| x E |Xo
X | X X 1 1 1 0 i o]0 X | X | X | X X[ X | X[ X E | X
2 | X | X | X 1 1 1 1 0 0 ol ololo 0 ] 0] 0 [ X [X E_|Xo
8 | .X | X | X 1 1 1 1 0o ool oJolo]|l o]l ol x| X E |Xs
4 | X | X | X | X X X X | X | X | X | X | X | X | X ]| X | X | X | X P | X4
5 | X | X | X | X X X X | X | X | X | X | X | X | x| x| x [ x| X P |Xs
6 X | X | X | X X X X | X | X | x| X | X | x| x| x| x| x [ X P |Xes
7 | X | X | X | X X X X X [ % x| x ] %X | % | X | X | %l %X P | X7
8 | X | X | X | o 1 X X | X [ x x| x I x| x | x| x| X[ x| X | PORT
9 | X [ X [ X 1 1 1 0 | 1 0 | 1 0 | X | X | X | X | X | X[ X | RAM
0] X | X | X 1 1 0 0 | X | X | X | X [ X[ X | X[ x| x| x| x] rom
DISABLE PGA XTL R/C  EXT 1 2 3 4

l | l ] mmangsource [ v [ [ ] [ [v[ [ |
ROM  RAM  PORT Table 7 SMI PROGRAM TABLE X Divide by

“P=Port E = Enable FOR GENERAL PURPOSE

HIGH PERFORMANCE MICROCOMPU-
TER SYSTEM

The six-chip high performance system of
Figure 4 contains a 2655 Programmable
Peripheral Interface and a 2651 Program-
mable Communication Interface. Two SMls
are used in the system. The first SMI pro-
vides CLOCK and RESET signals to the
2650, initial increments of ROM and RAM,
and eight bits of bidirectional 1/0 to the

MICROCOMPUTER

user's external interface. The second SMI
provides a crystal controlled clock for the
PCI, additional amounts of ROM and RAM,
read (RDS) and write (WRS) strobes for the
first SMI's eight-bit port, chip enables for
PPI and PCI, and four bits of bidirectional
1/0O data.

The PPl and PCl addresses are decoded by
SMI #2 to generate the chip selects on X7 and

Xe. The two least significant MP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>